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INTRODUCTION 
U.S. Com Belt germplasm is derived from an estimated 2 to 5% of the available 
races of maize (Goodman and Brown, 1988; S tuber, 1985). Lancaster Sure Crop and Reid 
Yellow Dent germplasm comprise the vast majority of U S. Corn Belt germplasm and are 
derived from only I of approximately 140 identified races of maize (Duvick, 1981; 
Goodman and Brown, 1988). 
Exotic germplasm has been proposed as a means to diversify the genetic base of 
U.S. Com Belt germplasm. Increased variability from incorporation of exotic materials 
could be useful for continued genetic gains from selection, minimizing the spread of new 
diseases, and as a source for value added traits (Salhuana, et al., 1998). 
Tropical and subtropical germplasm are subsets of exotic germplasm and pose 
several problems when used in temperate environments. The lack of adaptation is the 
primary limitation (Goodman, 1985) and generally results in long-term selection programs 
(San Vicente and Hallauer, 1993). Germplasm adapted to the tropics has displayed greater 
harvest grain moisture in temperate environments (Santiago, et al., 1996), higher plant and 
ear heights, later flowering dates (Hallauer, 1986), and standability deficiencies. 
Photoperiod sensitivity in tropical materials causes later flowering and taller plants, which 
likely masks the expression of desirable traits (Goodman, 1985). Unfortunately, the best 
sources of exotic materials to use in temperate breeding programs and how to use these 
materials are still not known with certainty (Kim, et al., 1988). Generally, breeding efforts 
in tropical programs are behind those of U.S. programs (Goodman, 1985) and have 
generally been developed without any consideration for heterotic pools (Wellhausen, 1978). 
2 
A backcross introgression project aligned along established heterotic patterns was 
initiated in 1995 to incorporate previously improved tropical CIMMYT germplasm into 
adapted, highly selected U.S. Com Belt populations. U.S. Com Belt and tropical heterotic 
patterns were combined by alignment of the Stiff Stalk heterotic group with TuxpeAo 
oriented materials and the non-Stiff Stalk heterotic group with non-Tuxpefio oriented 
materials. Initial crosses with three U.S. Com Belt Stiff Stalk populations to six Tuxpefio 
oriented tropical populations produced 18 F1 population crosses. Similarly, three U.S. 
Com Belt non-Stiff Stalk populations were crossed to five primarily non-TuxpeAo oriented 
tropical populations to produce 15 Fl population crosses. These Fl crosses were 
backcrossed during 1995-1996 with the appropriate temperate population to produce 33 
backcross populations of 75% temperate and 25% tropical derivation. Backcross families 
(BCIFI) derived from these crosses were evaluated per se in the U.S. Com Belt in 1997 
and selection primarily emphasized greater yield and lower harvest grain moisture. 
Selected BCIFI families and the recurrent adapted populations were testcrossed with an 
elite inbred tester of the opposite heterotic pool and evaluated for grain yield, harvest grain 
moisture, and other agronomic traits at seven locations in 1999. Based on this testcross 
evaluation, backcross families were selected within the Stiff Stalk and non-Stiff Stalk 
oriented materials. 
Primary objectives for this study included: 1) backcross introgression of improved 
temperate and tropical materials by aligning U.S. Com Belt and tropical heterotic patterns; 
2) selection of backcross families in the U.S. Com Belt for adaptation and performance 
using a two-stage evaluation process; and 3) intermating of selected families within the 
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Stiff Stalk/Tuxpefio and non-Stiff Stalk/non-Tuxpefio pools to develop germplasm 
resources that include elite material from temperate and tropical areas. 
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LITERATURE REVIEW 
It is estimated that as little as 2% and as much as 5% of the available races of maize 
are used in the U.S. Com Belt (Goodman and Brown, 1988; Stuber, 1985). This 
homogeneity of the U.S. maize germplasm base could contribute to future problems and 
should be widened (Hawbaker, et al., 1997). 
The vast majority of U.S. Com Belt genetic materials have been derived from either 
Reid Yellow Dent or Lancaster Sure Crop, both being derived from only 1 of 
approximately 140 identified maize races (Duvick, 1981; Goodman and Brown, 1988). 
Analysis of pedigree information of widely used public Lancaster Sure Crop related lines 
revealed that the modem Lancaster Sure Crop heterotic group traces back to only two 
inbred lines, OH43B and C103 (Gerdes and Tracy, 1993). Isoenzymatic evaluation of 72 
private maize hybrids categorized 56% as unique while the remaining hybrids could be 
classified into six related groups. Marker and pedigree analysis suggested that most 
commercial hybrids included derivatives of from only 1 to 6 widely used public inbred lines 
(Smith, et al., 1987; Smith, et al., 1985). Dependence on a limited number of inbred lines 
has contributed to genetic narrowing, as has the process of second cycle selfing and 
backcrossing within a limited number of elite lines (Sprague, 1971). The shift in the 1930 s 
and 1940 s from open-pollinated varieties to double-cross hybrids (NAS, 1972) followed by 
the move from double crosses to single crosses may also have contributed to reduction in 
genetic variability in U.S. Com Belt maize (Hallauer and Miranda, 1988). 
Translation of genetic narrowing into genetic vulnerability and increased risk could 
exist if the movement of a new pest from field to field of a crop species with a similar 
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genetic base was unchecked. A greater chance for checking the movement of new pests 
would exist if the genetic sources of a crop species were more diverse (NAS, 1972; 
Sprague, 1971). The Southern Corn Leaf blight (Helminthosporium maydis) epidemic of 
1970 that increased the concern over the potential problems associated with genetic 
narrowing (Hallauer and Miranda, 1988) was responsible for significant yield losses in the 
United States (NAS, 1972). The extensive use of hybrids with similar pedigrees was one 
factor suggested for the observed increase in grain contamination from Fusarium 
moniliforme observed across the United States during the 1980 s (Holley, et al., 1989). 
Genetic narrowing and the perceived threat of genetic vulnerability have prompted 
researchers to suggest the use of exotic materials to widen the U.S. maize genetic base 
(NAS, 1972). The development of new materials is needed to reduce genetic narrowing 
(Sprague, 1971; Brown, 1983) while the real challenge is incorporation of exotic 
germplasm into adapted lines without reducing productivity (Duvick, 1981). 
Exotic germplasm could be used to increase the narrow genetic base (Brown, 1983). 
Diversity in and of itself, however, would be an inadequate defense against new pests 
unless that diversity contains the needed genetic resistance (Brown, 1983). Because no 
single variety and varietal population contain all the genes for a species, genetic diversity 
derived from other races will undoubtedly add desirable genes to U.S. Corn Belt materials 
(Lonnquist, 1974). Exotic maize could also be used as a source of specific traits and to 
increase useful variation and heterosis for grain yield (Geadelmann, 1984), produce more 
stable crop performance by increasing tolerance to climatic stresses and resistance to 
diseases and insects (Gerrish, 1983), and by adding heat and drought tolerance and value 
added traits, such as higher feed values (Salhuana, et al., 1998). 
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Exotic maize can be defined as maize from another area that is not adapted to the 
desired area (Lonnquist, 1974). Exotics could also be considered as all sources of 
germplasm that are not immediately useful or adapted for a given maize improvement 
program (Hallauer, 1978). Isoenzymatic variation in the genus Zea of 61 racial collections 
showed greater within population heterozygosity and between and among species variation 
than most other plants studied up to that point (Doebley and Goodman, 1984). 
Approximately 250 to 300 races of maize have been collected and described (Mangelsdorf, 
1972). 
Researchers have evaluated exotic maize accessions, temperate adapted exotic 
populations, and exotic x U.S. Com Belt crosses that possess potential to improve modem 
maize. Nine inbred lines, including six of tropical or subtropical origin evaluated for 
resistance to feeding from second-generation European Com Borer (Ostrinia nubilalis, 
Hubner) in a diallel mating design in Ames, Iowa, displayed excellent resistance levels and 
could serve as excellent sources of resistance provided photoperiod sensitivity does not 
impede inbred development (Kim, et al., 1989). Tropical hybrids in cross combination with 
U.S. Com Belt testers have demonstrated good resistance to colonization of kernels by 
Fitsarium monili/orme (Holley, et al., 1989b). Tropical x U.S. Com Belt populations were 
demonstrated to posses unique alleles for resistance to common rust (Pucinnia sorght), gray 
leaf spot (Cercospora zea-maydis) and southern com leaf blight (Helminthosporium 
maydis) not present in a widely used hybrid cross (Kraja, et al., 2000). Holley and 
Goodman (1989) also found a high level of resistance for southern com leaf blight among 
several 100% tropical inbreds. Temperate adapted, 100% tropical maize inbreds evaluated 
per se and in hybrid combination showed good resistance to Diplodia maydis (Holley and 
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Goodman, 1988). QTL's (quantitative trait loci) contributed by the exotic germplasm 
component of temperate x exotic populations were associated with both undesirable and 
very desirable alleles for grain yield and number of ears per plant (Ragot, et al., 1995). 
Exotic sources of germplasm also have been suggested as a source of new traits in 
cultivated maize. Genetic variation for starch properties among 26 exotic inbred lines were 
highly significant, suggesting screening among these materials for extreme but desirable 
starch property values, such as high scanning colorimetry, would be successful (Campbell, 
et al., 1995a). Evaluation of two heterozygous populations containing 50% exotic 
germplasm, homozygous for the su2 locus, displayed increased variation for starch thermal 
properties compared with inbreds fixed at the su2 locus, suggesting the presence of 
modifiers that could be used to modify normal su2 starch (Campbell, et al., 1995b). 
The use of exotic germplasm to widen the U S. Com Belt germplasm base to serve 
as sources of abiotic and biotic resistances and for new traits is not without difficulty. The 
integration of exotic germplasm is considered laborious (Tallury and Goodman, 1999). 
Lack of adaptation was listed as the primary limitation of exotic germplasm in temperate 
areas (Goodman, 1985). This lack of adaptation and lower mean performance of tropical 
materials compared with adapted Com Belt materials are major difficulties in their use, 
necessitating longer term selection programs (San Vicente and Hallauer, 1993). Lack of 
adaptation is the primary reason two to three backcross es are recommended when 
introgressing disease tolerance from tropical sources into temperate materials (Kim, et al., 
1988). Crossing divergent materials to maximize heterozygosity resulted in decreased 
heterosis due to large differences in adaptation (Troyer and Hallauer, 1968). 
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Some of the reasons for difficulties associated with the use of tropical materials in 
temperate breeding programs include the lower magnitude of effort allocated to tropical 
versus domestic breeding programs. Additionally, little information is available to the 
breeder in the selection and development of long-term breeding strategies, especially with 
photoperiod sensitive materials. Problems with poor roots, weak stalks, tall plants, slow 
dry down, susceptibility to common smut (Ustilago maydis) infections, and late maturity 
(Holley and Goodman, 1988a) combined with generally poor evaluation of many tropical 
accessions in seed storage facilities (Brown, 1983) have contributed to the difficulty of 
using exotic maize in temperate locations. 
Because of tremendous variability within maize and its adaptation to specific areas, 
adequate evaluations of exotic material can not be accomplished in only one locale. Even 
when exotic x U.S. Com Belt populations were evaluated in a temperate area, large genetic 
variances stemming from poorly performing segregates resulted in overly optimistic 
predicted responses to recurrent selection (Moll and Smith, 1981; Eagles and Hardacre, 
1990). Desirable genes within exotic germplasm will likely be linked with undesirable 
traits requiring time and effort for successful introgression (Geadelmann, 1984). Diallel 
crosses among varieties that had previously been improved, compared with those that had 
not, showed the positive effects of previous selection for yield and stalk lodging (Hallauer 
and Malithano, 1976). 
Specific traits in exotic material must be improved prior to acceptance in temperate 
commercial breeding programs. These include plant height, ear quality, and standability 
(Brown, 1975). Exotic germplasm was found to contain an unacceptable level of moisture 
in the kernel when evaluated in temperate areas presenting storage problems and conflicting 
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with the tendency for farmers to desire earlier hybrids (Santiago, et al., 1996). This 
problem of reducing high grain moistures from exotic maize is exacerbated by a general 
positive genetic correlation between grain moisture content and grain yield, resulting in 
lower grain yields upon selection for earlier flowering (Hawbaker, et al., 1997). After five 
cycles of recurrent selection for yield, populations with exotic materials were still taller and 
7 to 10 days later than locally adapted materials (Moll and Smith, 1981). Poor root strength 
may also impede use of exotic materials. Exotic cultivars introduced to Iowa for adaptation 
initially exhibited greater susceptibility to root lodging and to infection from common smut 
( Ustilago maydis), late flowering, and plant heights of 3 to 5 meters (Echandi and Hallauer, 
1996). Root lodging of562 Caribbean collections in Puerto Rico was very poor and would 
need improvement before commercial use (Pollak, 1993). Evaluations of Mexican 
populations crossed to nine adapted sweet corn inbreds suggested that the exotic materials 
were contributing very little to decreased stalk or root lodging (Tracy, 1990). Crosses 
between seven Com Belt populations with populations previously improved for adaptation 
to the tropical and subtropical lowlands of Mexico were evaluated in United States and 
Mexican environments. The Mexican populations and crosses of Mexican x U S. Com Belt 
populations had significantly less yield and higher root lodging, grain moisture, and ear 
heights compared with the populations and crosses adapted to the U S. Com Belt 
(Oyervides-Garcia, et al., 1985). 
Photoperiod sensitivity contributes to the lack of adaptation of tropical and 
subtropical maize in temperate areas. Photoperiod sensitivity results in plants that continue 
to grow vegetatively until the days begin to shorten later in the growing season (Lonnquist, 
1974) due to late initiation of floral induction at latitudes greater than 30° (Stevenson and 
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Goodman, 1972). Unfortunately, classification of exotic materials for maturity in native 
short-day environments will likely not be a good indicator of the photoperiod response 
when evaluated in long-day, temperate environments (Mongoma and Pollak, 1991) and 
photoperiod response of exotic materials will often mask desirable traits (Goodman, 1985; 
Bonhomme, et al., 1994). The resistance to feeding of second-generation European com 
borers among adapted and exotic lines was positively correlated with traits associated with 
photoperiod sensitivity, such as later (lowering and taller plant and ear heights. Due to the 
photosensitive nature of this material, 2 to 3 backcrosses were suggested if incorporation 
into temperate materials was desired (Kim, et al., 1988). 
The lower yields of an Antigua Composite evaluated in Iowa were directly related 
to photoperiod sensitivity (San Vicente and Hallauer, 1993). Progeny resulting from 
crosses with photoperiod sensitive exotic materials may also be late, hampering their 
usefulness (Lonnquist, 1974) although most tropical populations will segregate for 
flowering under long-day conditions (Kim, et al., 1988). 
"One of the most important decisions a plant breeder makes is selection of 
germplasm" (Hallauer and Miranda, 1988). The choice of which exotic sources to use is 
the most critical question and is followed by what proportion of exotic germplasm to retain, 
how much recombination prior to intense selection efforts are initiated, and what selection 
system should be used (Geadelmann, 1984). After 50 years of using exotics, however, the 
best sources of exotic germplasm to use in temperate breeding programs, how best to use 
exotic materials, and the combining ability of exotic materials with temperate materials are 
still not known with certainty (Kim, et al., 1988). Thus, the first problem in using exotic 
germplasm is the evaluation of genotypes for desired traits (Mejaya and Lambert, 1992). 
11 
Evaluation of maize racial accessions per se as an integral step in choosing suitable 
exotic materials for temperate use has been conducted in various environments. Per se 
evaluation of562 racially diverse Caribbean collections from various countries was 
conducted in Puerto Rico. The best 20% were selected based primarily on grain yield with 
an attempt to include accessions representing each country and racial classification (Pollak, 
1993). The Latin American Maize Project (LAMP) utilized five stages of evaluation 
including two stages of per se evaluation in one of five homologous areas based on 
elevation and latitude. The best accessions were exchanged among the five homogeneous 
areas during the third stage allowing racial characterization and testcrossing. Testcross 
evaluations using two to three testers in the original homologous area were conducted in the 
fourth stage to determine combining ability and heterotic affinity. Traits recorded in the 
testcross portion of the LAMP project included grain yield, grain moisture, days to mid-
pollen and mid-silk, anthesis silking interval, plant and ear heights, percent stalk and root 
lodging, number of plants, and ear quality. The fifth stage is the actual introgression of the 
selected accessions into adapted types along established heterotic pools (Salhuana, et al., 
1998). This stage of the LAMP project in the United States has been organized as the 
Germplasm Enhancement of Maize or GEM (Salhuana, et al., 1993). 
A subset of 1300 Latin American accessions was independently conducted by North 
Carolina State University under short-day conditions in south Florida and south Texas and 
resulted in initial selection of 394 accessions with 40 finally kept. Eventually these were 
converted to photoperiod insensitivity, testcrossed, and evaluated in North Carolina 
(Holland, et al., 1996). Morphological and agronomic characters evaluated among a set of 
184 Caribbean accessions in two diverse Mexican environments included days to anthesis, 
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plant height, days to senescence, grain yield, ear diameter, and ear length. Principle 
component analysis of these six traits was used to identify a subset of Caribbean accessions 
suitable for introgression into elite western Com Belt germplasm (Rincon, et al., 1997). 
Another system used to evaluate the potential of 100% exotic materials or exotic x 
U.S. Corn Belt derivatives has been the diallel mating system. Diallel analysis using 
populations can provide an initial understanding of heterotic patterns among population 
crosses (Hallauer and Miranda, 1988). A diallel of the 25 recognized Mexican races was 
evaluated with the parental races per se at three elevations in Mexico. A number of races 
exhibited high mean yields in cross combinations (Crossa, et al., 1990a). In a 10-
population diallel evaluated in the U.S. Corn Belt, BSSS(R)C10, an adapted population of 
Reid Yellow Dent background, was the best general combiner and combined best with a 
Mexican dent population (Mongoma and Pollak, 1988). A diallel study of 13 maize 
populations revealed that populations with lower variety heterosis were among the best for 
mean performance in crosses. This information regarding relationships between 
populations and their heterotic patterns would be needed for correct choice of parents to 
form a composite or to initiate either a recurrent selection or a reciprocal recurrent selection 
program (Crossa, et al., 1987). All possible crosses between seven exotic germplasm 
sources and two adapted U.S. Com Belt populations resulted in greater grain yields among 
exotic x adapted crosses (50% adapted germplasm) compared with crosses having 100% 
adapted germplasm (Michelini and Hallauer, 1993). Diallel crosses of eight populations, 
including four 100% tropical populations previously adapted to Iowa, and four Com Belt 
populations, and the populations themselves, were evaluated for grain yield, grain moisture, 
root and stalk lodging, dropped ears, plant and ear height, and days to flowering. The 
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highest individual crosses were with BSSS(R)C12 x BSCB1(R)C12 and BS10(FR)C10 x 
BS29, a population containing primarily Caribbean germplasm, previously adapted to the 
central U.S. Com Belt. BS29 should be assigned to the Lancaster Sure Crop heterotic 
group (Echandi and Hallauer, 1996). 
Hybrid evaluation of either exotic or exotic derived germplasm also has been 
accomplished using selected testcrosses with adapted single crosses or elite representatives 
of existing U S. Com Belt heterotic pools rather than in all possible combination as in the 
diallel. Lonnquist (1974) compared both methods and found that using 1 or 2 elite testers 
from each heterotic group allowed more consistent assignment of exotic populations into 
Com Belt groups. Mishra (1977) and Stuber (1978) found good agreement between these 
two methods but Christensen (1984) found poor agreement. 
Two hundred and eighty five exotic collections were topcrossed on three adapted 
cross-pool single-cross testers and evaluated in North Carolina at three locations. The best 
collections in hybrid combination were evaluated in regional testing over a two-year period 
where the top four collections in hybrid combination yielded more than 90% as much as the 
best commercial hybrid (Stuber, 1978). The adapted populations, BS13(S)C3, a Reid 
Yellow Dent related population and a Lancaster Sure Crop oriented composite were crossed 
to 24 Mexican populations developed primarily by C1MMYT. Crosses and populations 
were evaluated in Mexico and the western U.S. Com Belt where grain yields of crosses did 
not differ significantly from the adapted tester populations (Gutierrez-Gaitan, et al., 1986). 
All possible single, three-way and double cross hybrids among three largely temperate and 
three temperate adapted all tropical inbred lines were evaluated in yield trials. Single-cross 
hybrids with 50 to 60% tropical germplasm produced grain yields equivalent to the 
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commercial checks (Tallury and Goodman, 1999). Elite inbreds representing the Stiff Stalk 
and non-Stiff Stalk heterotic pools, B73 and MO 17, were crossed to seven tropical 
populations or hybrids and evaluated for several leaf blight diseases. All seven exotic 
sources had favorable dominant alleles for gray leaf spot, southern com leaf blight, and 
common rust for the improvement of a particular widely used U.S. Com Belt single-cross 
hybrid. It was recommended that testcrosses to a series of tropical populations be made 
using the same inbred tester (Kraja, et al., 2000). One of the key accessions identified in 
the LAMP project, FS8-BT, was not an unimproved accession, but it had been previously 
improved using recurrent selection techniques (Homer, 1990). It has been suggested that 
exotic germplasm previously selected for adaptation may have more immediate application 
than unadapted materials to local conditions (Crossa and Gardner, 1987). 
After evaluation of potential exotic accessions, races, hybrids, populations or 
inbreds, various techniques are used to extract useful alleles. These procedures have 
included mass selection, photoperiod conversion, recurrent selection, or evaluation of 
segregating progenies derived from exotic x U.S. Com Belt crosses. 
Mass selection (phenotypic recurrent selection) has been used to adapt 100% 
tropical populations or tropical x U.S. Com Belt populations to temperate conditions. 
Center (1976) suggested that any system of selection that simply improves adaptation 
would decrease the frequency of less productive individuals and increase population yields. 
Oyervides-Garcia, et al. (1985) suggested that exotic sources improved by cyclic selection 
would be better for incorporation into temperate germplasm than using indiscriminate 
introductions. Ten cycles of mass selection for erect, disease free plants with mature grain 
at harvest was accomplished in 25 Mexican races resulting in a single population having 
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increased yield, decreased days to silk, and drier grain at harvest Root lodging was 
unaffected while stalk lodging increased (Center, 1976). Six cycles of mass selection for 
earlier silking in Minnesota at 65,000 to 87,000 plants per hectare was accomplished in 
seven late flowering synthetics by intermating the earliest 5% for silking using bulked 
pollen (Troyer and Brown, 1976). Cycle comparisons showed strong linear associations 
between cycle number and days to silk, anthesis silking interval, kernel moisture, and plant 
and ear heights. It was concluded that selection for earlier flowering at higher plant 
densities was effective towards adapting late synthetics to the area. Mass selection in an 
Antigua Composite for six cycles resulted in a 17-day earlier silking date and improved 
yield compared with the initial cycle (San Vicente and Hallauer, 1993). In contrast with the 
results of San Vicente and Hallauer (1993) and the suggestion by Center (1976), six cycles 
of mass selection for earliness resulted in earlier plants but having less yield. It was 
thought that this reduction in yield might be due to inbreeding depression and negative 
correlated effects associated with earlier maturity (Santiago, et al., 1996). 
Other cyclic improvement methods, other than mass selection, also have been 
documented using exotic germplasm in temperate areas. Five cycles of SI progeny 
recurrent selection resulted in 50% more response compared to five cycles of full sib 
recurrent selection when both methods were conducted concurrently on a composite of two 
adapted populations. The realized selection response within exotic populations was only 
slightly more than rates for locally adapted materials and was quite less than predicted 
response based on variance components (Moll and Smith, 1981). 
Directed selection against photoperiod sensitivity, specifically photoperiod 
conversion, has also been practiced with exotic materials. To evaluate the combining 
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ability of exotic materials in temperate environments, photoperiod sensitivity must be 
overcome (Holland and Goodman, 1995). Actual conversion to photoperiod insensitivity 
was accomplished in 40 accessions by crossing four plants in each accession to an adapted 
inbred to produce four full sib families. The earliest plants among these four foil sib 
families were intermated to produce four foil sib families per population. This process was 
repeated two additional generations to produce photoperiod insensitive versions of the 
original accessions (Holland and Goodman, 1995). 
Mass selection and backcrossing to adapted germplasm have also been used 
successfully to reduce the effects of photoperiod sensitivity (Hainzelin, 1988). Photoperiod 
sensitivity effects may also be reduced by crossing to a very early source followed by 
selection for adaptation (Holley and Goodman, 1988; Gerrish, 1983), by crossing improved 
unadapted sources x adapted sources followed by selection, or by identifying photoperiod 
insensitive exotic sources (Oyervides-Garcia, 1985). 
Another class of introgression methods from the literature includes the selection of 
adapted, desirable types during inbreeding in segregating populations. These populations 
have included primarily backcross populations but also include populations derived from 
either bi-parental crosses or 100% tropical hybrids. 
Eagles and Hardacre (1990) derived Si's from the backcross of an elite U.S. Corn 
Belt population to a Mexican highland population. S2's derived from these selected Si s 
were testcrossed and all were evaluated in the cool, temperate climate of New Zealand. The 
51 and S2 lines were lower yielding and had higher moisture and root lodging than SI and 
52 lines from the Com Belt population. Grain yields of the selected S2 testeross es were 
similar to testcrosses of S2's derived from the U.S. Corn Belt recurrent parent, but with 
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greater root lodging. Several combinations, however, did produce higher grain yields with 
acceptable grain moisture. 
Caton (1999) evaluated backcross families derived from the crosses between BSl 1, 
BS26, and BSCB1 with a line from CIMMYT's subtropical heterotic group B (STHG B). 
Selected backcross progenies were evaluated in testcross combination in Iowa with an elite 
Com Belt tester of the opposite heterotic pool. In parallel, backcross populations of BS10, 
BS13, and BSSS in combination with a CIMMYT line from the subtropical group A 
(STHG A) were developed and evaluated similarly. Selected semi-exotic testcrosses had 
grain yields similar to or higher than testcrosses of recurrent parent checks suggesting that 
introgression did not disrupt the combining ability of U.S. heterotic groups and was 
successful in incorporating favorable yield factors. 
One question that has received some attention in the literature, related to selection 
among segregates of tropical x adapted derivatives, pertains to the optimum proportion of 
exotic germplasm to include in a population before initiating selection. Crossa and Gardner 
(1987) stated that the primary problem regarding selection in populations backcrossed away 
from the exotic parent is that useful genes present at a low frequency in the non-adapted 
source would likely be lost during the backcrossing process. Conversely, genes from the 
adapted source would be less likely lost in a backcross population than in populations 
containing only 50% adapted material. 
The proportions of exotic germplasm in sets of 80 to 100 SI families derived from 
four populations containing 0,50,75, and 100% adapted germplasm were correlated with 
grain yield, grain moisture, plant height, stalk rot score, and days to pollen shed (Albrecht 
and Dudley, 1987). The set of SI families derived from the backcross population 
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containing 75% adapted material gave the largest predicted genetic gain for grain yield 
itself and would be the more favorable population to initiate selection. 
Per se evaluation was also conducted in three sets of 90 random S1 families from 
populations containing 50,75 or 100% adapted germplasm (Crossa and Gardner, 1987). 
The 100% adapted populations and backcross populations yielded and matured similarly 
and both were superior to the population with 50% adapted germplasm. The backcross 
population was concluded to have the greater immediate use. 
Simulations utilizing two different genetic models found the BC1 population to be 
the better foundation material to initiate short and long-term selection when the adapted 
population is superior (Bridges and Gardner, 1987). Conversely, the F2 population would 
be considered the better choice when the adapted and exotic parents have similar 
performance. 
Eighteen exotic inbreds and their F2 and BC1 populations were topcrossed to B73 
or Mo 17. The grain yield increased in the backcross populations versus the F2 suggesting 
support for backcrossing to the superior parent (Hameed, et al., 1994). 
Five diverse Brazilian inbreds were each crossed to two Lancaster Sure Crop 
inbreds to produce BC1 families. Selected BCl families were backcrossed again to form 
BC2 families. These backcross families were selected for resistance to multiple leaf and 
stalk rot pathogens, earlier flowering, and similarity to the recurrent parent. The best 26 
families derived from either BC 1 or BC2 populations were topcrossed to FRB73 and 
evaluated in Illinois. Generally, the families derived from the BCl materials displayed 
better yield in topcross combination than did the check hybrids (Mejaya and Lambert, 
1992). 
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The effects of intermating and backcrossing were investigated by evaluating 100 
random SI lines derived from each combination of three levels (50,75 and 87.5%) of 
backcrossing at 0,3, and 5 cycles of intermating from the cross of an adapted x adapted-
tropical population (Hofbeck, et al., 1995). Backcrossing shifted means, reduced genetic 
variances and developed earlier materials while intermating had no discernable effect on the 
population. Backcrossing, but not intermating, was determined to be useful in the 
incorporation of exotic germplasm into temperate materials. 
Most tropical maize germplasm, unlike U.S. Corn Belt maize, has been developed 
without any consideration for heterotic pools (Wellhausen, 1978). This was emphasized by 
researchers from CIMMYT noting that prior to the shift towards hybrid development in 
1985, CIMMYT's primary focus was on the development of broad-based genetic pools and 
populations with very little concern of keeping the heterotic pools separate. As a result, 
heterosis between CIMMYT's pools and populations show only low to moderate heterosis. 
Further evaluation of CIMMYT's materials in cross combinations with highly adapted 
temperate sources was suggested as a means to assess their value for temperate breeding 
programs (Beck, et al., 1991). In contrast to the reduced level of importance placed on 
heterotic pools by CIMMYT, Gerrish (1983) stated that commercially, several important 
interracial [heterotic] combinations existed. These included Tuxpeflo x ETO, Tuxpeflo x 
Brazilian Cateto, Tuxpeflo x Suwan, U.S. Com Belt Dent x Argentine Flints and Com Belt 
Dent x European Flints. Thoughts on how Com Belt heterotic patterns should be combined 
with heterotic or racial patterns of non-Com Belt materials have included incorporating the 
exotic patterns into existing U.S. Com Belt pools (Gerrish, 1983) or allowing tropical 
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heterotic patterns to be used parallel with Com Belt heterotic pools (Michelini and 
Hallauer, 1993). 
The separation of U.S. Com Belt materials into heterotic groups came as early as 
1947 when the North Central Com Research Committee, determined to maintain a high 
degree of diversity between groups for combining ability, divided inbred lines into "A" and 
"B" sets and encouraged federal and state breeders to recycle within a set during line 
improvement (Lonnquist, 1974). Interestingly, the yellow varieties used most extensively 
in the central and southern U.S. Corn Belt just prior to the introduction of hybrid com in the 
1930 s were the Reid Yellow Dents and Lancaster Sure Crop cultivars. The dominant 
heterotic pattern that has emerged in the U.S. Com Belt is Reid Yellow Dent derived 
germplasm x Lancaster derived germplasm (Darrah and Zuber, 1986). 
Assignment of exotic material to a heterotic group can be done by diallel or by 
testcrossing with 1 to 2 elite representatives from each pool. Testcrossing with elite 
representatives gave a more consistent assignment to heterotic pool than did the diallel 
method but, unlike the diallel, could not detect new heterotic patterns (Geadelmann, 1984). 
Although heterotic patterns are known within many tropical regions and the U.S. Com Belt 
(Echandi and Hallauer, 1996), more information on the performance of temperate x tropical 
populations and their heterotic combination is needed (Pollak, et al., 1991). 
Predicting how the derivatives of populations will respond in topcross combination 
has received some attention in the literature with regard to 100% adapted populations but 
even less with adapted x exotic combinations. The best sources of exotic germplasm to use 
in temperate breeding programs are still not known with certainty (Kim, et al., 1988) yet the 
choice of exotic parentage to use is considered the most critical question in a breeding 
21 
program (Geadelmann, 1984; Hallauer and Miranda, 1988). More information will be 
needed to determine the breeding value of exotic sources (Oyervides-Garcia, et al., 1985). 
Twenty random F3 progenies were derived from 36 different but adapted population 
crosses and evaluated in topeross combination along with topcrosses of each parent and 
each population FI (Melchinger, et al., 1998). Correlations between the F1 testcrosses and 
the average of the testcrossed parents with the average of the 20 F3 progeny testcrosses for 
grain yield were 0.53 and 0.73, respectfully. It was concluded that the testcross mean of a 
prospective population's parents and its F1 can be used to predict the average testcross 
means of derived F3's. 
Conversely, per se selection among segregates of U.S. Com Belt materials failed to 
identify many desirable genotypes in topcross combination. Consequently, visual selection 
should be used to discard only the undesirable genotypes in segregating material prior to 
yield testing rather than applying intense per se selection (Clucas and Hallauer, 1986). 
Smith (1986) found low correlations between lines per se and testcross performance for 
quantitative traits ranging from 0.22 to 0.34, depending on the relatedness of the lines per se 
and the testers. 
Low to non-existent correlations of 0.00 and 0.08 were observed between 178 S4 6 
lines and their crosses with two diverse U.S. Com Belt testers (Kerns, et al., 1998). The 
correlations between S2's, derived from the backcross of a U.S. Com Belt population to a 
Mexican highland population, and their testcrosses for yield, moisture, root lodging, and 
stalk lodging were 0.23 (ns), 0.49,0.64, and 0.48 respectively (Eagles and Hardacre, 1990). 
In response to the observation that genetic variation measured among semi-exotic 
accessions was twice that within accessions, an alternative evaluation scheme was 
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suggested. The scheme would ignore family structure within semi-exotic populations and 
instead rely on evaluations of testcrosses of bulked accessions followed by further selection 
and testing within the best populations (Holland and Goodman, 1995). Correlations 
between accession yields at different testing stages of an exotic introgression program were 
calculated to give some indication of how evaluations of 100% exotic accessions under the 
short-day conditions of Weslaco, Texas, would predict subsequent testcross performance of 
their 50 and 75% exotic, photoperiod converted derivatives, under long-day conditions in 
North Carolina. Accession performance compared with 50% exotic testcrosses was 
considered "reasonably well correlated" while accessions were not significantly correlated 
with testcrosses of the 75% exotic derivatives (Holland, et al., 1996). Geadelmann (1984) 
suggested evaluation of a balanced bulk of 100 selfed ears from prospective exotic 
populations, their populations per se, and the population itself be used to determine the best 
candidate populations for further evaluation. 
CIMMYT's maize improvement program exists to meet the needs of farmers in 
developing countries and has contributed to the release of more than 225 open-pollinated 
cultivars and hybrids cultivated on more than 6 million hectares in developing countries 
(Vasal, et al., 1995). CIMMYT's populations and pools have been grouped by adaptation, 
maturity, and sometimes by grain color (Vasal, et al., 1992b). In 1985, CIMMYT initiated 
a hybrid maize program. The development of inbred-based populations that would be 
heterotic to each other was considered one of the primary goals of this effort as 
complementary heterotic germplasm is considered essential for the efficient development of 
hybrids (Vasal, et al., 1992a). A series of population diallels were conducted in 1985 and 
1986 to determine the heterotic relationship and patterns of the various CIMMYT 
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populations and pools. An understanding of heterotic associations among these populations 
would allow maximum expression of heterosis among hybrids of derived lines (Crossa, 
etal., 1990b). 
One particular diallel of CIMMYT's tropical white germplasm included Populations 
21,22,25,29,32, and 43 and Pool 24. Population 21 x Population 43 was the highest 
yielding cross at 7.83 t/ha while Population 29 x Population 32, a dent x flint cross, 
exhibited the highest high-parent heterosis of 12.7%. Population 43 had good GCA and 
produced crosses that were shorter and earlier than the population itself which was the latest 
and tallest of the parents used in the diallel. Population 32 crossed well to Populations 22 
and 29, both containing Tuxpeflo. It was concluded that many of the Tuxpeflo based 
populations would work well against Population 32 (ETO) as a heterotic partner (Vasal, 
etal., 1992b). 
In a diallel of 93 inbreds derived from CIMMYT tropical maize populations, lines 
derived from Population 43 generally had higher grain yields when crossed with lines from 
Populations 32 or 25. Two tropical heterotic groups, THG (tropical heterotic group) A and 
B were developed from the results of this diallel study. The materials assigned to these two 
pools generally fell into a dent x flint heterotic pattern (Vasal, et al., 1992a) and were 
recombined separately to develop two new complimentary heterotic pools. 
An additional study of the combining ability of inbred lines derived from CIMMYT 
materials generally showed that lines derived from Population 21 displayed high heterosis 
with lines derived from Populations 32 and 23. Interpopulation line crosses derived from 
Populations 25 and 32 displayed better heterosis than previous work suggested. Generally, 
though, these findings were in general agreement with previous population crosses at 
24 
CIMMYT in which Population 21 combined well with Populations 32 and 25, a derivative 
of Population 23 (Han, et al., 1991). 
An additional goal at CIMMYT accompanying the shift towards developing hybrid 
progeny includes the development of inbreeding tolerant germplasm (Vasal, et al., 1995). 
This was accomplished specifically by two cycles of S3 recurrent selection in Mexico 
within the Populations 21,25,29, and 32 to enhance their value for the extraction of 
vigorous inbred lines. 
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MATERIALS AND METHODS 
Genetic Materials 
The populations used in this study include six adapted synthetic populations from 
Iowa State University and 11 tropical populations or pools from the International Maize and 
Wheat Improvement Center (CIMMYT). All 17 populations or pools have undergone 
cyclic improvement ranging from 2 to 29 cycles. Two elite inbreds from Holdens 
Foundation Seeds were used as half-sib testers. A list of these materials is presented in 
Table 1. 
Description of adapted non-Stiff Stalk populations 
The following three populations contain primarily, but not exclusively, Lancaster 
Sure Crop derived germplasm and will be referred to as non-Stiff Stalk oriented materials. 
BS26(S)C3 is the 3rd cycle of S2 recurrent selection. BS26 was originally 
developed from a base population initiated in 1977 containing 'Lancaster Composite' 
background of primarily CI 03 parentage. The maturity of BS26 is AES800 and extracted 
lines should be expected to combine well with lines of Stiff Stalk backgrounds (Lamkey, 
1987; Hallauer, 1986). 
BS11(FR)C11 represents the 11th cycle of reciprocal recurrent selection using 
BSlO(FR)Cn as the tester with emphasis on earlier flowering and improved yield, 
prolificacy, and stalk quality. BS11 was derived from Pioneer Two-Ear composite, 
developed by crossing southern prolific materials and U.S. Corn Belt inbred lines (Hallauer, 
etal., 1974). 
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Table 1. Region of adaptation, heterotic pool and source of maize germplasm used in the 
tropical introgression study 
Germplasm Region of Heterotic pool Source* 
designation adaptation orientation* 
BS10(FR)C11 Temperate Stiff Stalk I.S.U. 
BSSS(R)C13 Temperate Stiff Stalk I.S.U. 
BS13(S)C8 Temperate Stiff Stalk I.S.U. 
BS26(S)C3 Temperate non-Stiff Stalk I.S.U. 
bsii(fr)cii Temperate non-Stiff Stalk I.S.U. 
BSCB1(R)C13 Temperate non-Stiff Stalk I.S.U. 
Pool 18C25 Tropical Tuxpeflo CIMMYT 
Population 21 (MRRS) C2 Tropical Tuxpeflo CIMMYT 
Population 24 C9 Tropical Tuxpeflo CIMMYT 
Population 28 CIO Tropical Tuxpeflo CIMMYT 
Population 43 CIO Tropical Tuxpeflo CIMMYT 
Population 49 C6 Tropical Tuxpeflo CIMMYT 
Pool 17C29 Tropical non-Tuxpeflo CIMMYT 
Population 23 C3 Tropical non-Tuxpeflo CIMMYT 
Population 25 C3 Tropical non-Tuxpeflo CIMMYT 
Population 27 CIO Tropical non-Tuxpeflo CIMMYT 
Population 32 (MRRS) C2 Tropical/sub-tropical non-Tuxpeflo CIMMYT 
LH198 Temperate Stiff Stalk Holdens 
LH185 Temperate non-Stiff Stalk Holdens 
f CIMMYT designations for Tuxpeflo and non-Tuxpeflo pool are pools A and B, 
respectively. 
: I.S.U. = Iowa State University, Ames, Iowa. 
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BSCB1(R)C13 is a strain of BSCB1 (originally Iowa Corn Borer Synthetic #1) 
developed by 13 cycles of reciprocal recurrent selection using BSSS(R)Cn as the tester. 
BSCB1 was developed from a synthetic of 12 lines with good resistance to whorl-leaf 
feeding by European com borer (Ostrinia nubialis Hubner) (Hallauer, et al., 1974). 
Description of adapted Stiff Stalk populations 
The following three populations are comprised primarily of Stiff Stalk related 
materials, a strain of Reid Yellow Dent. They will be referred to as Stiff Stalk oriented 
populations. 
BS10(FR)C11 represents the 11th cycle of reciprocal full-sib recurrent selection 
using BS1 l(FR)Cn as the tester. BS10 was originally developed from Iowa Two-ear 
synthetic by intermating 10 lines of predominately Reid Yellow Dent germplasm with a 
tendency towards prolificacy (Hallauer, et al., 1974; Lamkey, 1987). 
BSSS(R)C13 was developed from BSSS, a strain of Iowa Stiff Stalk Synthetic, 
using eight cycles of half-sib reciprocal recurrent selection followed by five cycles of half-
sib reciprocal recurrent selection using BSCBl(R)Cn as the tester. BSSS was developed 
from intermating 16 lines with good stalk quality followed by random mating (Lamkey, 
1987). 
BS13(S)C8 was developed by eight cycles of intrapopulation S2 recurrent selection 
initiated using the 7th cycle of half-sib recurrent selection of BSSS. BS13(S)C8 has 
combining ability to lines from the Lancaster Sure Crop background (Lamkey, 1987). 
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Description of tropical populations and pools via CIMMYT 
CIMMYT provided the source of improved tropical germplasm in this study. The 
11 populations or pools used in this study had been previously improved and are adapted to 
tropical areas. 
CIMMYT pools were developed by crossing the components in pairs followed by 
three- or four-way crosses. A modified half-sib system recurrent selection regime with two 
cycles completed per year would then follow. 
Germplasm included in the 11 CIMMYT populations was described by Ron-Parra 
and Hallauer (1997) and Vasal et al. (1992a). 
Five CIMMYT tropical non-Tuxpeflo based flint populations 
Pool 17 C29, also known as the Tropical Early Yellow Flint pool, was formed from 
yellow flint materials collected from Mexico, the Caribbean, Central and South America 
and Asia. Objectives of selection in Pool 17 include selection for earlier maturity and plant 
type concurrent with maintaining yield, tolerance to high plant populations, and resistance 
to stalk rot. 
Population 23 C3, or Blanco Cristalino, was derived from Pool 19 that included 
germplasm of Antigua, Cuban Flints, ETO Composite, Tuxpeflo, Suwan-1, Pfister hybrids, 
and the early selections from a Philippine composite. 
Population 25 C3 was derived from the tropical, late, white flint Pool 23. It has 
flinty, white kernels and has been selected for improved husk coverage and resistance to ear 
and stalk rots. 
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Population 27 CIO, also known as Amarillo Cristalino-1, is a lowland tropical 
population described as having yellow, flinty kernels, intermediate plant height, and 
improved borer (Diatraea saccharalis) resistance. Population 27 contains germplasm of 
Tuxpeflo, Cuban flint, ETO Amarillo, and families from the tropical late, yellow, flint 
Pool 25. 
Population 32 MRRS C2, or Eto Blanco, combines well with Tuxpeflo types and is 
considered by CIMMYT as suitable for some subtropical areas. It has white, flinty kernels 
on a short plant and was derived from both tropical and temperate germplasm. Ear rot 
resistance has been a key selection objective within Population 32. 
Six CIMMYT tropical Tuxpeflo based dent populations 
Pool 18 C25, also known as the Tropical Early Yellow Dent pool, was formed with 
Yellow Dent materials from Mexico, the Caribbean, Central and South America, and Asia. 
Pool 18 selection objectives include selection for earlier maturity and plant type concurrent 
with maintaining yield, tolerance to high plant populations, and resistance to stalk rot 
Population 21 (MRRS) C2, or Tuxpeflo 1, is composed primarily of various 
Tuxpeflo racial collections but also includes families from Pool 24. Tuxpeflo 1 is a later 
maturing white dent population with lower plant stature, fair tolerance to foliar leaf 
diseases, and favorable combining ability with ETO Composite and some U.S. inbreds. 
Population 21 was bred primarily for resistance to fall armyworm (Spodoptera frugiperda). 
Population 24 C9 is composed of Tuxpeflo race collections and is also known as 
Antigua Vericruz 181. Population 24 is described by CIMMYT as lowland tropical with 
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yellow, semi-dent kernels and intermediate plant height. Population 24 has been selected 
for resistance to fall armyworm (Spodoptera frugiperda). 
Population 28 C10, or Amarillo Dentado, is composed of Tuxpeflo, Caribbean, 
Brazilian, ETO Amarillo germplasm, and six families from Pool 26, a tropical Yellow Dent 
pool. It is adapted to lowland tropics, has tall plants, yellow, dented kernels, and has 
undergone selection for downy mildew (Peronosclerospora sorghi) resistance in Thailand. 
Population 43 CIO, or La Posta, is a Tuxpeflo synthetic of 16 SI lines. It is 
considered adapted to tropical lowlands, has tall plant stature, and white, dented grain and 
is considered late for the area of adaptation. Population 43 has been selected for resistance 
to African maize streak virus and lower plant height in Nigeria. 
Population 49 C6, or Blanco Dentago-2, is a short statured Tuxpeflo type related to 
Population 21 with a white, dent grain type and adapted to lowland tropical-subtropical 
areas. Population 49 was derived from the 17th cycle for shorter plant stature in Tuxpeflo 
Crema I. 
Description of adapted testers 
The two inbred lines, LH198 and LH185, used as adapted testers in this study, were 
chosen as representatives of the Stiff Stalk and non-Stiff Stalk heterotic pools. LH 198 was 
developed from the three-way cross of LH132 x B84)LH132 and is approximately 1 day 
earlier flowering than B73 at approximately 1510 heat units. LH198 is considered an elite 
inbred line of the U.S. Stiff Stalk heterotic pool and combines especially well with 
materials of MO 17 derivation. 
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LH185 is an elite inbred line developed from the cross of LH59 x LH123Ht. LH185 
combines well with B73 related materials and silks in approximately 1455 heat units. 
LH185 represents primarily non-Stiff Stalk derived germplasm (United States Patent Office 
website). 
Heterotic Alignment 
The six adapted Iowa State University populations chosen for this study are 
classified as members of either the Stiff Stalk or non-Stiff Stalk heterotic pools and 
combine well with materials of the opposite heterotic pattern. Two of the Stiff Stalk related 
populations used in this study, BSSS(R)C13 and BS10(FR)Cl 1, have been developed using 
reciprocal recurrent population improvement schemes and their current respective tester 
populations, BSCB1(R)C13 and BS11(FR)C11, are included as two of the three non-Stiff 
Stalk oriented populations in this study. This will serve to enhance the combining ability 
potential between the two groups of materials that will eventually be selected from this 
tropical introgression study. 
The 11 CIMMYT populations or pool can be classified into either Pool "A," 
containing Tuxpeflo and Iowa Stiff Stalk Synthetic related materials or Pool "B," 
containing ETO Composite and Lancaster Sure Crop types (Vasal, et al., 1992a). The 
introgression of CIMMYT's tropical pools into the U.S. pools will be accomplished by 
aligning CIMMYT's pool A, containing primarily Tuxpeflo germplasm, with the U.S. Stiff 
Stalk heterotic pool and CIMMYT's pool B, containing much less Tuxpeflo materials, with 
the non-Stiff Stalk pool. This alignment will restrict formation of breeding crosses to 
materials of aligned pools and is an attempt to maintain the established combining ability 
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between the U.S. pools by introgressing improved tropical materials that are heterotic to 
each other. 
Introgression Timetable and Procedures 
Development of Fl, tropical x adapted crosses 
In the summer of 1995 the three adapted Stiff Stalk populations were crossed 
separately to each of the six tropical Tuxpeflo oriented populations resulting in 18 Fl 
crosses. Concurrently, the three adapted non-Stiff Stalk populations were each crossed to 
the five non-Tuxpeflo oriented populations resulting in 15 Fl crosses. Crosses were 
conducted using multiple plants due to the heterogeneous nature of the populations and 
would be expected to produce a heterogeneous population of individuals heterozygous at 
many loci. These crosses were accomplished by CIMMYT personnel near El Baton, 
Mexico, and resulted in the 33 separate population crosses listed in Table 2. 
Development of population backcrosses 
Individual plants within each of these 33 Fl crosses were backcrossed using bulked 
pollen from the recurrent adapted population during the winter season of 1995-1996 in 
Poza Rica, Mexico. This resulted in 33 BC1FI populations comprised of 25% tropical and 
75% temperate adapted germplasm. At harvest 52 to 127 BC1F1 ears, referred to as 
BCIF1 families or progenies, were selected from each of the 33 populations. 
The development of these 33 populations of BCIF1 families provided the source of 
temperate germplasm introgressed with previously improved tropical populations aligned 
along established U.S. Com Belt heterotic pools. A generalized timeline for the production 
and evaluation of tropical derived materials is presented in Table 3. 
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Table 2. The 33 heterogeneous Fl crosses between tropical and adapted maize populations 
made by CIMMYT in 1995 near El Baton, Mexico 
15 Non-Tuxpeflo x non-Stiff Stalk crosses 18 Tuxpeflo x Stiff Stalk crosses 
Pool 17 C29 / BS26(S)C3 
Population 23 C3 / BS26(S)C3 
Population 25 C3 / BS26(S)C3 
Population 27 CIO / BS26(S)C3 
Population 32 (MRRS) C2 / BS26(S)C3 
Pool 17 C29/BS11(FR)C11 
Population 23 C3 / BS11(FR)C11 
Population 25 C3 / BS11(FR)C11 
Population 27 CIO / BS11(FR)C11 
Population 32 (MRRS) C2 / BS11(FR)C11 
Pool 17 C29 / BSCB 1(R)C13 
Population 23 C3 / BSCB1(R)C13 
Population 25 C3 / BSCB1(R)C13 
Population 27 CIO / BSCB1(R)C13 
Population 32 (MRRS) C2 Z BSCB1(R)C13 
Pool 18 C25 / BS10(FR)C11 
Population 21 (MRRS) C2 / BS10(FR)C11 
Population 24 C9 / BS10(FR)C11 
Population 28 CIO / BS10(FR)C11 
Population 43 CIO / BS10(FR)C11 
Population 49 C6 / BS 10(FR)C 11 
Pool 18 C25 / BSSS(R)C13 
Population 21 (MRRS) C2 / BSSS(R)C13 
Population 24 C9 / BSSS(R)C13 
Population 28 CIO / BSSS(R)C13 
Population 43 CIO / BSSS(R)C13 
Population 49 C6 / BSSS(R)C13 
Pool 18 C25 / BS13(S)C8 
Population 21 (MRRS) C2 / BS13(S)C8 
Population 24 C9 / BS 13(8X38 
Population 28 CIO / BS13(S)C8 
Population 43 CIO / BS13(S)C8 
Population 49 C6 Z BS13(S)C8 
Per se Evaluation Experiment 
Of the 52 to 127 BC1F1 eats (i.e., backcross families) harvested from each 
backcross population, a sample of 27 from each of the 33 populations was evaluated in an 
experiment conducted to evaluate various traits on a per se basis (i.e., not in hybrid 
combination) with the primary intent of selecting the best backcross families within a 
population. The F1 of the adapted population and the recurrent adapted population were 
included as checks. This experiment permitted the opportunity for initial evaluation and 
selection of segregating families in a temperate environment 
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Table 3. Timeline for the production and evaluation of tropical x temperate maize 
populations and backcross derived families 
Year Description Location* 
Summer, 1995 Heterogeneous crosses of tropical CIMMYT x LS.U. 
temperate populations conducted to produce 33 F1 
population crosses. 
Mexico 
Winter, 1995 Each of the 33 F1 population crosses are backcrossed 
with the temperate parent population to produce 33 
populations of BC1F1 families. 
Mexico 
Summer, 1997 27 BC1F1 families, the Fl population cross and the 
adapted parent population are evaluated for each of the 
33 populations. 20-25% of the BCl Fl families are 
selected from each heterotic pattern. 
Ames, Iowa 
Winter, 1998 33 population bulks constructed using seed from 
BC1F1 families. 
Ames, Iowa 
Summer, 1998 Testcross seed using an elite inbred tester of the 
appropriate heterotic pattern is produced with the 
selected BCIFI families, the 33 population bulks 
and the adapted recurrent populations in isolations. 
Ames, Iowa 
Summer, 1999 Evaluation of 225 topcrossed entries in seven Corn Belt 
locations. 20% selected from each heterotic pattern. 
Iowa and 
Nebraska 
f Crosses in Mexico conducted by CIMMYT. 
Choice of experimental design 
The family per se evaluation and selection experiment was conducted in two 
replications in a split-plot experimental design. The 33 populations were randomly 
assigned to whole plots. Within each whole plot, the 27 BC1F1 families, the Fl and two 
duplicate entries of the recurrent population were randomly assigned. 
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Each BCIFI family, or subplot, is a unique collection of genotypes and represents a 
nested rather than a cross-classified arrangement This design results in greater precision 
for detection of differences among nested entries within a population at the expense of 
detection of differences between populations. This is desirable because selection among 
backcross families within a population will receive more attention in this study than 
selection among the populations. Additionally, grouping materials by population 
minimizes interactions (i.e., plant height) between these relatively diverse materials that 
may have occurred. Table 4 contains an abbreviated listing of entries for the per se 
experiment organized along the populations or main plots. 
Description of per se experiment 
The backcross family per se experiment included 990 entries and was conducted in 
two replications in 1997 at the Agronomy and Agricultural Engineering Center near Ames, 
Iowa. Entries were planted in single row 18 kernel plots, 3.81 m long with 0.76 m between 
rows. At approximately the 5 to 6 leaf stage, stand counts were taken. A standard plant 
count was considered 16 plants per plot At flowering, mid-pollen (MP) was recorded as 
the number of days after planting that 50% of the plants had begun to shed pollen. Prior to 
harvest, the number of plants broken below the ear was counted as stalk lodged, the number 
of plants leaning was counted as root lodged, and the number of dropped ears was recorded. 
Plots were machine harvested with weight per plot and percent grain moisture recorded. 
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Table 4. Abbreviated listing of the 990 entries evaluated in the per se experiment 
conducted in a split plot design near Ames, Iowa, in 1997 
Main plots Split plots? 
Population components 
Adapted Tropical # BCIFI Fl Recurrent* 
Population parent parent families population population 
(75%) (25%) 
POOL17/BS11)BS11 BS11 POOL17 27 1 2 
POP23/BS11 )BS 11 BS11 POP23 27 I 2 
POP25/BSll)BSll BS11 POP25 27 1 2 
POP27/BS11)BS11 BS11 POP27 27 1 2 
POP32/BS11)BS11 BS11 POP32 27 1 2 
POOL17/BS26)BS26 BS26 POOL17 27 1 2 
POP23/BS26)BS26 BS26 POP23 27 1 2 
POP25ZBS26)BS26 BS26 POP25 27 1 2 
POP27ZBS26)BS26 BS26 POP27 27 1 2 
POP32/BS26)BS26 BS26 POP32 27 1 2 
POOL 17/BSCB1 )BSCB 1 BSCB1 POOL17 27 1 2 
POP23/BSCBI )BSCB 1 BSCB1 POP23 27 1 2 
POP25/BSCB l)BSCB 1 BSCB1 POP25 27 1 2 
POP27/BSCB1 )BSCB 1 BSCB1 POP27 27 1 2 
POP32/BSCB1 )BSCB 1 BSCB1 POP32 27 1 2 
POOL18/BSl0)BS10 BSIO POOL18 27 1 2 
POP21/BS10)BS10 BS10 POP21 27 1 2 
POP24/BS10)BS 10 BS10 POP24 27 I 2 
POP28/BS10)BS 10 BS10 POP28 27 1 2 
POP43/BS10)BS 10 BS10 POP43 27 1 2 
POP49/BS10)BS 10 BS10 POP49 27 1 2 
POOL18ZBS13)BS13 BS13 POOL18 27 1 2 
POP21/BSI3)BS13 BS13 POP21 27 I 2 
POP24/BS13)BS13 BS13 POP24 27 1 2 
POP28/BS13)BS 13 BS13 POP28 27 I 2 
POP43/BS13)BS13 BS13 POP43 27 1 2 
POP49/BS13)BS 13 BS13 POP49 27 1 2 
POOL 18/BSSS)BSSS BSSS POOL18 27 1 2 
POP21/BSSS) BSSS BSSS POP21 27 1 2 
POP24/BSSS)BSSS BSSS POP24 27 1 2 
POP28/BSSS)BSSS BSSS POP28 27 1 2 
POP43ZBSSS)BSSS BSSS POP43 27 I 2 
POP49/BSSS)BSSS BSSS POP49 27 1 2 
Totals 891 33 66 
* Split plots considered nested within populations. 
* Two duplicate recurrent population entries allocated to each main plot. 
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Statistical analysis of per se experiment 
The per se experiment was evaluated in a split plot design with two replications in 
one environment with subplots nested within whole plots. The experimental model was: 
Yyk = n+ri + o,+(ia)y+&Q+eyk where 
Yjjk = observed value of the ijk^plot; 
g = the general experiment mean; 
n = the random replication effect, i = 1,2; 
04 = the fixed population effect, j = 1....33; 
(ra)ij = the random effect for the replication x population interaction; 
fk<j)= the random effect of entries nested within populations, k = I,..30; and 
e$jk = the random error effect considered - NID(o, a2). 
The analysis of variance table, degrees of freedom and expected mean squares 
(EMS) are presented in Table 5. All effects in the model were considered random except 
populations, which were considered fixed Standard errors were calculated for split plot 
designs as per Kuehl (1994): 
population means: 
SEpops 
r */ 
family means nested in the same population: 
^ MSE families 
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Table 5. Analysis of variance for the per se experiment conducted in a split plot design 
with populations as whole plots and families as subplots conducted near Ames, 
Iowa, in 1997 
Source of variation* df* EMS? 
Replications 
Populations 
Populations x reps 
Entries (pops) 
Residual 
Total 
r-l 
p-l 
(p-lXr-1) 
P(f-D 
p[(r-lXf-l)] 
rpg-1 
a2 + fa2rp+ pfo2r 
a2+ro2*p)+fo2pr+rfB2p 
C  ^+ foj, 
o*+ro <p) 
G 
^Populations are considered fixed, all other effects considered random. 
*r, p and f refer to numbers of replications, populations, and entries within populations. 
' Residual used as denominator in F ratios for entries (pops) and populations x reps. 
Synthetic denominator used in the F ratio for population and replications. 
population means at the same or different level of families: 
/(b — OMSEfaHyijes + MSEppps 
V  r * /  
Analysis was conducted on quintals per hectare (YLD) at 15.5% grain moisture as 
calculated from the weight per plot Percent root lodged (%RL), stalk lodged (%SL), and 
dropped ears (%DRE) were calculated as a percent of plant stand. Days to pollen shed 
(MP) and moisture (MST) were analyzed directly. 
Correlations 
Simple Pearson product moment correlations were calculated using entry means in 
the per se experiment for six agronomic traits according to the formula: 
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where ci _ Z(yi-yiXyj-yj) Sij N^I 
Hybrid Testcross Production 
In the spring of 1998, the 100 selected BCIFI families of Stiff Stalk origin were 
planted in an isolated testcross production block and pollinated with the inbred tester, 
LH185. The 81 selected BCIFI families of non-Stiff Stalk origin were planted in an 
isolated production block and pollinated with the inbred tester, LH198. These entries were 
planted in single, 25 kernel rows. Adapted populations and the half-sib tester of the 
opposite heterotic pool were also placed in the appropriate isolation to produce key 
benchmarks to gauge the performance of the BCIFI hybrids. Tassels were removed prior 
to anthesis from all entries in the isolated blocks with the exception of the LH185 and 
LH198 tester pollinator. 
An infection of gray leaf spot (Cercospora zea-maydis) was obvious in the isolated 
testcross production blocks so a disease infection rating of the BCIFI entries was 
accomplished in early September 1998 using a 1 to 9 scale with 9 as best and 1 the poorest 
gray leaf spot resistance. 
Development of testcross population bulks 
In addition to the inclusion of selected BCIFI families and adapted populations in 
isolated testcross production blocks, a bulk of kernels from the 27 BCIFI families of each 
of the 33 populations was also included. Bulks were constructed by bulking two kernels 
from each of the original 27 BCIFI families for each of the 33 populations. The resulting 
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54 kernels per population were then distributed into two, 27-kernel rows in the appropriate 
isolation. Bulks representing each of the 33 populations were included in the isolations in 
order to produce bulk population topcross entries that could help gauge the indirect effect of 
per se selection on testcrosses and to evaluate the association between traits measured on 
testcrosses of population bulks with trait averages calculated on the corresponding 
testerossed BC1F1 families. 
Testcrossed seed was harvested from each entry in these isolated blocks, shelled and 
placed in cold storage. The two rows representing the bulk of a particular population were 
harvested and stored separately in cold storage. An equal amount of seed by volume from 
each of the two rows was combined and used as the seed source for evaluation in the 
topcross experiment. 
Testcross Evaluation Experiment 
The testcross evaluation experiment was conducted to evaluate the BCIF1 families 
and populations in hybrid combination with the widely used testers. Topcrossed BC IF 1 
families will be compared with the testcross of the adapted recurrent population to judge the 
effect of introgression. Approximately the best 20% will be selected from among the Stiff 
Stalk and non-Stiff Stalk oriented BCIF1 families. The selected materials will be 
intermated with the long-term goal to provide the base cycle for a program of reciprocal 
recurrent selection. 
Experiment design 
The testcross experiment was conducted in a 15 x 15 simple lattice design with 225 
entries and two replications at seven locations in 1999. 
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Initial single and multiple location analysis showed low to zero gains in relative 
efficiency using lattice analysis mean adjustments relative to the randomized complete 
block design (RCBD). As a consequence, RCBD analysis was conducted for all traits in 
the topcross experiment 
Description of experiment 
The topcross experiment was planted in two replications at six Iowa locations 
(Davenport, Columbus Junction, Hedrick, Grinnell, Ames and Greenfield) and one eastern 
Nebraska location (Fairberry) in 1999. The 225 entries included 181 test crossed 
BC IF 1 families that had been selected in the previous backcross family per se study, 33 
testcrossed population bulks, testcrosses of the six recurrent adapted populations, three 
single-cross hybrids that included LH198 x LH185, and two Cargill Hybrid Seeds 
commercial hybrids as late maturity checks. Table 6 contains an abbreviated listing of 
topcrossed BC1F1 families, population bulks and check hybrids included in the topcross 
experiment. 
Plots consisted of 60 kernels planted in two rows 5.33 m long (including alleys), 
1.52 m wide with 0.76 m row spacing at all Iowa locations. At Fairberry, 100 kernels were 
planted in two row plots 7.16 m long and 1.52 m wide with 0.76 m between rows. Alley 
widths ranged from 0.61 to 0.91 meters wide across the seven locations but were relatively 
uniform within a location. Plots were thinned to a uniform density that varied with location 
and ranged from 60 plants per plot at Fairberry (54,963 plants/ha), 56 plants per plot 
(68,888 plants/ha) at Ames and Greenfield, to 46 plants per plot (56,586 plants/ha) at 
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Table 6. Abbreviated listing of225 entries evaluated in the testcross experiment conducted 
in 1999 
_  . . . . .  Number of testcross entries by type 
Generalized pedigree #BC1F1 families7 Bulks Check hybrids 
POOL17/BSI 1)BS11 x LH198 8 
POP23/BS11)BS11 x LH198 6 
POP25/BS11)BS11 x LH198 3 
POP27/BS11)BS11 x LH198 7 
POP32/BS1 l)BSl 1 x LH198 3 
POOL 17/BS26)BS26 x LH198 5 
POP23/BS26)BS26 x LH198 3 
POP25/BS26)BS26 x LH198 2 
POP27/BS26)BS26 x LH198 3 
POP32/BS26)BS26 x LH198f 
POOL 17/BSCB1 )BSCB 1 x LH198 12 
POP23/BSCB1 )BSCB 1 x LH198 5 
POP25/BSCBl)BSCBl xLH198 9 
POP27/BSCB1 )BSCB l x LH198 9 
POP32/BSCBI )BSCB 1 x LH198 6 
POOL18/BSl0)BS10 x LH185 7 
POP21/BS10)BS10 x LH185 5 
POP24/BS10)BS 10 x LH185 I 
POP28/BS 10)BS 10 x LH185 2 
POP43/BS 10)BS 10 x LH185f 
POP49/BS10)BS 10 x LH185 5 
POOL18/BSl3)BS13 x LH185 10 
POP21/BS13)BSI3 x LHI85 6 
POP24/BS 13)BS 13 x LH185 5 
POP28/BSl3)BS13 x LH185 3 
POP43/BS13)BS13 x LH185 5 
POP49/BS13)BS 13 x LH185 11 
POOLl8/BSSS)BSSS x LH185 8 
POP21 /BSSS)BSSS x LH185 4 
POP24/BSSS)BSSS x LH185 7 
POP28/BSSS)BSSS x LH185 7 
POP43/BSSS)BSSS x LH185 6 
POP49/BSSS)BSSS x LH185 8 
BS11 x LH198 (population check) I 
BS26 x LH198 (population check) 1 
BSCB1 x LH 198 (population check) 1 
* Note: two populations not represented by BC1F1 families, only by bulks. 
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Table 6. (continued) 
Generalized pedigree Number of testcross entries by type #BCIF1 families Bulks Check hybrids 
BSSS x LH185 
BS10 x LH185 
BS13 x LH185 
B104 x LH185 
B97 x LH198 
LH198 x LHI85 
CARGILL_7770 
check) 
CARGILL_8011 (early zone 8 
commercial check) 
TOTALS 
(population check) 
(population check) 
(population check) 
(elite single cross) 
(elite single cross) 
(key commercial check) 
Gate zone 7 commercial 
181 33 11 
Grinnell and Hedrick where field emergence in general was average. Stand counts were 
taken on all plots. 
Mid-pollen (MP) and mid-silking (MS) days were recorded at Grinnell, Hedrick, 
and Ames as the number of days after planting that 50% of the plants in a plot began to 
shed pollen or show silks. In mid-August plant (PltHgt) and ear heights (EarHgt) were 
recorded at Hedrick and Ames in feet from the ground to the base of the tassel or the ear 
node with data converted to centimeters. Stalk lodged plants, root lodged plants, and 
dropped ears were recorded at all seven locations as pre-harvest notes. These traits were 
expressed as a percent of the plot stand and abbreviated as %SL, %RL, and %DR£. Plots 
were then machine harvested with weight per plot and percent grain moisture (MST) 
recorded. Yield in q/ha (YLD) at 15.5% grain moisture was calculated from the raw plot 
weight. Test weight (TW) was taken at all locations except Ames and Greenfield and was 
expressed as kilograms per hectoliter (kgha '). 
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Selections were made within each of the two pools with the aid of a heritability 
index (Smhh, et al., 1981). Agronomic performance of the individual BC1F1 families with 
respect to the testcross of the respective adapted recurrent population was the primary 
comparison, but overall performance was also considered. 
Statistical analysis 
The topcross experiment was analyzed as a randomized complete block design. 
Data analyses for each trait were conducted for each location and then combined across all 
locations using the following linear model: 
Yjjk = n + aj + bj(o+pk+(ap)ik + e;*, where 
Yjjk = observed value of the ijk* plot; 
li = the general experiment mean; 
a,- = the random environment effect, i = 1,...7; 
bj(i) = the random replication within environment effect; 
pk=the fixed genotype effect, k = I,...225; 
(ap)ik=the random effect for genotype x environment interaction; and 
Cjjk=the random error effect considered ~ NID(o, a2). 
Analysis was conducted on quintals per hectare (YLD) at 15.5% moisture as 
calculated from the weight per plot Percent root lodged (%RL), stalk lodged (%SL) and 
dropped ears (%DRE) were calculated as a percentage of plant stand. Percent stand 
(%STD) was calculated as the percentage of plants per plot at thinning time relative to the 
standard plant count for that location. Days to pollen (MP), days to silk (MS), and grain 
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moisture (MST) were analyzed directly. The analysis of variance table and the expected 
mean squares for individual location and combined analyses are presented in Tables 7 
and 8. 
Simple Pearson product moment correlations were calculated in the topcross 
experiment on means calculated across entries or populations. Calculation of correlation 
coefficients is the same as described for the per se experiment 
Table 7. Analysis of variance for the testcross experiment for a randomized complete block 
design conducted in one environment 
Source of variation* df* EMS 
Replications 
Genotypes 
Error 
r-l 
g-1 
(r-lXg-1) 
% 
o2 
Total rg-1 
f Replications and genotypes considered random and fixed, respectively. 
* r = number of replications and g = number of entries per rep. 
Table 8. Combined analysis of variance for the testcross experiment for a randomized 
complete block design conducted in seven environments in 1999 
Source of variation* df* EMS 
Environments (E) 
Replications / E 
Genotypes (G) 
G x E  
Pooled error 
e-1 
e(r-l) 
g-1 
(e-lXg-D 
e(r-lXg-D 
o2 + ra2ge + go2*,,+rgo2c 
°^gVe) 2 
a+TO «e +re0 » 
O 
Total rge-1 
f Genotypes are fixed, all other effects considered random. 
* e, r and g = number of environments, replications and genotypes. 
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Intermating 
AU remaining remnant seed for the selected entries in the topcross experiment was 
used to produce hand pollinated intermating blocks using the bulk entry method for the 
selected non-Stiff Stalk and Stiff Stalk oriented families. Intermating was conducted the 
summer of2001 in Ames, Iowa, by I.S.U. personnel and produced two complimentary, 
heterotically aligned populations. 
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RESULTS AND DISCUSSION 
Per se Experiment 
The primary function of the per se study was to serve as the first stage of a multi-
trait temperate evaluation and selection scheme emphasizing adaptation and performance of 
BC1F1 derived families relative to the adapted recurrent parent populations. This initial 
stage served as a cost effective mechanism to screen relatively large numbers of entries for 
adaptation prior to the more resource intensive stage of testcross production and evaluation 
in multiple environments. BCIF1 families pre-screened for adaptive characters per se 
should provide a higher level of adaptation and performance per se and in testcrosses. 
Secondary objectives of the study included the evaluation of the population crosses with 
reference to their constitutive adapted and tropical parents. The good or poor attributes of 
various crosses and inferred contributions from the parental populations would assist in the 
future use of these materials. 
The per se study was conducted at the Iowa State University Agronomy and 
Agricultural Engineering farm near Ames, Iowa, in 1997. Analyses of variance for the per 
se study were conducted for seven agronomic traits and are presented in Tables 9 and 10. 
Significant differences among the 33 populations were detected for all traits measured. 
Entries nested within populations were significant as a source of variation for all traits with 
the exception of percent dropped ears (%DRE). The presence of significant variation for 
desired traits is necessary to realize gains from selection and is reflective of the diverse, 
heterogeneous background of the source material. 
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Table 9. Analysis of variance, means, and coefficients of variation (C.V.) for three 
agronomic traits measured in the maize per se study conducted near Ames, Iowa, 
in 1997 
Source of 
variation 
df Mean squares df Mean squares 
Yield 
qha"1 
Moisture 
% 
Days to 
mid-pollen 
Replications (Rep) 1 1555.2 1037.1** 1 7.0 
Populations (Pop) 32 1796.2** 126.8** 32 128.9** 
Rep xPop 32 459.5** 21.9** 32 3.2** 
Family (Population) 956 112.6** 10.8** 957 6.3** 
Residual error 934 76.9 2.3 947 0.8 
Total 1955 1969 
Mean 45.4 24.2 81.9 
C.V. (%) 19.3 6.3 1.1 
Standard error estimators for: 
-Population means 2.91 0.72 0.38 
-Family means within a pop 6.24 1.09 0.64 
-Pop means at same 
or different level of families 6.81 1.29 0.74 
L.S.D.fa = 0.05) for comoarine: 
-2 Population means 8.39 2.07 1.11 
-2 family means within a pop. 17.18 3.0 1.77 
-2 pop means at same or 
different level of families? 18.89 3.58 2.05 
** Significant at the 0.01 level. 
t Calculations made using Satterwaite's approximation for degrees of freedom (df). 
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Table 10. Analysis of variance, means, and coefficients of variation (C.V.) for four 
agronomic traits measured in the maize per se study conducted near Ames, 
Iowa, in 1997 
Mean squares Source of 
variation df % Stand % Stalk lodging 
%Root 
lodging 
% Dropped 
ears 
Replications (Rep) 1 93.9 4212.0* 25.8 1739.7** 
Populations (Pop) 32 62.5* 1679.5** 32.4** 143.2* 
Rep xPop 32 25.4 472.5** 8.0 66.5** 
Family (Pop) 957 29.5** 148.5** 8.5** 22.7 
Residual error 957 25.3 109.5 6.3 21.1 
Total 1979 
Mean 97.1 163 0.7 2.9 
C.V. (%) 5.2 642 376.5 155.8 
Standard Error estimators for 
-Population means 0.70 2.92 0.41 1.07 
-Family means within a pop: 3.56 7.40 1.77 3.25 
-Population means at same 
or different level of families 3.57 7.84 1.79 3.37 
L S D fa = 0.05) for comoarinc: 
-2 Population means 1.94 8.09 1.14 2.97 
-2 family means within a pop 9.86 20.51 4.91 9.00* 
-2 pop means at same or 
different level of families* 9.90 21.73 4.96 9.34 
*,** Significant at the 0.05 and 0.01 level, respectfully. 
f Calculations made using Satterwaite's approximation for degrees of freedom (df). 
• Note: L.S.D. is non protected as no differences detected for this effect at a = 0.05. 
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Table 11. Means of non-Stiff Stalk and Stiff Stalk backcross maize populations for six 
agronomic traits in the per se experiment conducted near Ames, Iowa, in 1997 
Population cross POOL YLD MST SL RL DRE MP 
qha"1 % no. 
POOL17/BS1 l)xBSl 1 non-SS 49.3 22.0 18.2 0.4 4.3 80.0 
POP23/BS11 )xBS 11 non-SS 46.8 24.3 21.2 0.9 5.2 81.9 
POP25/BS11 )xBS 11 non-SS 45.3 25.1 26.3 4.4 2.0 82.8 
POP27/BS1 l)xBSl 1 non-SS 46.0 25.4 202 1.0 3.3 84.1 
POP32/BS1 l)xBSl I non-SS 49.2 25.0 20.0 0.8 1.3 83.6 
POOLl 7/BS26)xBS26 non-SS 34.4 23.3 20.4 0.7 2.4 79.2 
POP23/BS26)xBS26 non-SS 34.1 24.7 23.4 0.9 6.1 82.3 
POP25/BS26)xBS26 non-SS 32.3 25.5 24.1 0.5 5.5 82.5 
POP27/BS26)xBS26 non-SS 38.6 24.6 18.1 0.7 5.3 83.6 
POP32/BS26)xBS26 non-SS 35.9 26.5 22.3 0.7 5.6 82.1 
POOL 17/BSCB1 )xBSCB 1 non-SS 46.9 22.0 9.0 0.6 1.5 78.7 
POP23/BSCB1 )xBSCB I non-SS 42.3 23.0 9.8 0.7 1.5 812 
POP25/BSCB1 )xBSCB 1 non-SS 42.0 24.1 11.5 1.2 0.7 82.0 
POP27/BSCBI )xBSCB 1 non-SS 42.9 23.7 9.0 0.2 1.7 82.6 
POP32/BSCB1 )xBSCB 1 non-SS 44.6 23.4 9.0 1.9 1.4 81.4 
non-SS population means 42.0 24.2 17.5 1.0 3.2 81.9 
POOLl 8/BS10)xBS 10 Stiff Stalk 47.0 22.5 13.7 0.9 4.0 79.4 
POP2l/BS10)xBS10 Stiff Stalk 51.1 25.1 21.4 0.4 2.6 84.4 
POP24/BS10)xBS 10 Stiff Stalk 48.3 23.8 23.8 0.4 3.2 82.3 
POP28/BS10)xBS 10 Stiff Stalk 49.3 25.3 21.0 0.5 4.5 83.2 
POP43/BS10)xBS 10 Stiff Stalk 46.6 27.1 23.0 0.4 2.1 83.7 
POP49/BS10)xBS 10 Stiff Stalk 52.2 24.8 18.5 0.1 3.9 83.0 
POOLl 8/BS13)xBS 13 Stiff Stalk 53.1 21.8 12.7 0.4 1.1 78.6 
POP2l/BSl3)xBS13 Stiff Stalk 54.5 25.3 122 0.0 1.4 83.0 
POP24/BS13)xBS 13 Stiff Stalk 48.7 25.2 14.1 0.2 2.6 82.4 
POP28ZBS13)xBS13 Stiff Stalk 53.8 25.2 18.8 0.5 1.0 82.3 
POP43ZBS 13)xBS 13 Stiff Stalk 53.6 26.3 153 0.2 1.3 83.2 
POP49/BS13)xBS 13 Stiff Stalk 52.7 24.2 152 0.0 12 82.2 
POOL 18/BSSS)xBSSS Stiff Stalk 49.1 20.9 11.9 0.5 5.6 79.5 
POP2 l/BSSS)xBSSS Stiff Stalk 44.6 25.7 11.5 0.5 1.9 82.1 
POP24/BSSS)xBSSS Stiff Stalk 41.5 22.4 12.3 0.8 4.7 81.8 
POP28/BSSS)xBSSS Stiff Stalk 46.7 24.5 6.9 0.6 3.3 81.1 
51 
Table 11. (continued) 
Population cross POOL YLD MST SL RL DRE MP 
q ha"1 % no. 
POP43/BSSS)xBSSS Stiff Stalk 47.1 25.4 12.9 0.1 3.2 82.3 
POP49/BSSS)xBSSS Stiff Stalk 48.2 23.5 10.2 0.2 4.1 81.9 
Stiff Stalk population means 49.4 24.4 15.3 0.4 2.9 82.0 
main plot standard error 2.9 0.7 2.9 0.4 1.1 0.4 
L.S.D. (a=0.05) to compare 8.4 2.1 8 l 1.1 3.0 1.1 
2 pop. means: 
L.S.D. (ot=0.05) to compare 2.2 0.5 2.2 0.3 0.8 0.3 
pool means: 
Agronomie data for each of the 33 population backcrosses in the per se study were 
averaged across the 27 nested BC1F1 families and are presented in Table 11. Root lodging 
was relatively minor while stalk lodging was extensive. Among the 15 non-Stiff Stalk 
oriented crosses, those with BS26 as the recurrent parent generally yielded less than those 
containing either BS11 or BSCB1. Crosses with Pool 17 as a non-recurrent parent were the 
best for yield in combination with BS11 and BSCBl and had significantly lower grain 
moisture than the average across non-Stiff Stalk crosses. Each of the three Pool 17 crosses 
was significantly less than most of the other populations for days to mid-pollen. The three 
Population 25 crosses were the lowest yielding among the three adapted populations. 
Stalk lodging and dropped ears for the five BSCB1 populations were significantly 
lower than for most of the other crosses while crosses containing Population 25 as a non­
recurrent parent were higher for stalk lodging, though not significantly. Root lodging was 
generally low in the per se study although the backcross population cross, 
Pop25/BS 11 )xBS 11, at 4.4%, had significantly more root lodging than the other crosses. In 
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most instances, Population 27 crosses were significantly greater for days to mid-pollen than 
the other crosses. The BSCB1 backcross populations, with the lower stalk and dropped ear 
percentages, suggest that BSCB1 is adding favorable alleles for these traits to crosses. 
The Stiff Stalk oriented crosses averaged 49.4 q ha"1 compared with 42.0 q ha"1 for 
the non-Stiff Stalk oriented crosses. Among the Stiff Stalk oriented crosses, those 
containing Pool 18 contributed significantly lower harvest moisture compared with other 
crosses and were the earliest flowering populations while crosses with Population 43 were 
later. BS13 crosses tended to have greater yields with a reduced percentage of dropped 
ears. 
Exotic derived backcrosses of BS13, a Reid Yellow Dent, also yielded more than 
backcross derivatives of BS26, of Lancaster Sure Crop origin, for Micheiini and Hallauer 
(1993) and Caton (1999) and is similar to the yield pattern observed in the current study for 
these materials. The significantly lower grain moisture and fewer days to mid-pollen 
contributed by Pool 17, CIMMYT's tropical early, yellow flint pool, and by Pool 18, 
CIMMYT's tropical early, Yellow Dent pool, to their crosses are likely the result of 
previous breeding at CIMMYT for earlier maturity. These results indicate the benefit of 
using previously selected tropical germplasm. Population 43, considered "late for its area 
of adaptation" by CIMMYT, also tended to produce later BC1F1 families. 
Entries nested within a population included the tropical x adapted Fl, the respective 
adapted parent population, and the 27 BC1F1 families. Trait ranges and means for the 27 
BC1F1 families and the Fl and adapted parent population check means for the 33 backcross 
populations are shown in Tables 12 and 13. The summaries in Tables 12 and 13 provide an 
appreciation for the per se experiment results without referencing tables of990 entries. The 
Table 12a. Means for tropical x adapted Fl population crosses, adapted parent populations, and BC1F1 backcross families for 
six traits for the BS11 maize crosses evaluated in the per se study near Ames, Iowa, in 1997 
Stalk Root Dropped 
Yield Moisture lodging lodging ears Days to Selected Total Pedigree Type qha'1 % mid-pollen number 
POOL17/BS11 Fl 54.7 25.1 16.7 3.4 0.0 81.5 2 
BS11 Recurrent 54.9 20.0 21.3 0.0 3.4 79.5 4 
POOL17/BS11)BS11 BCIFI 49.3 22.0 18.2 0.4 4.3 80.0 8 54 
Data range 28.2-65.3 19.3-24.2 6.3-49.1 0.0-3.4 0.0-19.7 78.0-84.0 
POP23/BS1I Fl 38.3 30.6 23.3 0.0 0.0 86.0 2 
BS11 Recurrent 48.2 19.6 25.7 0.0 1.6 79.8 4 
POP23/BS11)BS11 BCIFI 46.8 24.3 21.2 0.9 5.2 81.9 6 54 
Data range 32.4-60.2 21.6-27.0 6.3-49.0 0.0-9.4 0.0-13.4 79.5-86.0 
POP25/BS11 Fl 35.7 28.2 22.9 3.2 6.7 85.5 2 
BS11 Recurrent 42.3 19.7 18.8 1.6 3.2 79.5 4 
POP25/BS11)BS11 BCIFI 45.3 25.1 26.3 4.4 2.0 82.9 3 54 
Data range 27.9-62.5 22.8-28.8 6.3-54.4 0.0-34.4 0.0-6.7 81.0-85.0 
POP27/BS11 Fl 27.5 27.4 18.8 0.0 6.3 88.0 2 
BS11 Recurrent 38.1 20.7 24.6 0.0 4.8 79.8 4 
POP27/BS11)BS11 BCIFI 46.0 25.4 20.2 1.0 3.3 84.1 7 54 
Data range 32.5-61.1 22.2-29.3 9.4-38.4 0.0-6.7 0.0-10.0 81.5-89.5 
POP32/BSU Fl 38.2 30.9 6.3 3.2 0.0 86.5 2 
BS11 Recurrent 40.8 19.6 16.0 1.6 3.2 78.8 4 
POP32/BS11)BS11 BCIFI 49.2 25.0 20.0 0.8 1.3 83.6 3 54 
Data range 30.7-61.5 22.2-29.7 9.4-31.3 0.0-6.5 0.0-6.7 80.5-86.5 
LSD (a = 0.05) for Fl vs. Recurrent 15.0 2.6 17.8 4.3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avg. 12.4 2.2 14.8 3.5 6.5 1.3 
LSD (a - 0.05) for Recurrent vs. BCIFI avg. 9.0 1.6 10.6 2.5 4.7 0.9 
LSD (a = 0.05) for high vs. low comparison 17.2 3.0 20.5 4.9 9.0 1.8 
Table 12b, Means for tropical x adapted Fl population crosses, adapted parent populations, and BCIFI backcross families for 
six traits for the BS26 maize crosses evaluated in the per se study near Ames, Iowa, in 1997 
Stalk Root Dropped _ . . _ . 
Yield Moisture lodging lodging ears Days to 66,60160,0181 
Pcd,Srcc Type qha., % mid-pollen number 
POOL17/BS26 Fl 35.8 23.0 0.0 3.2 3.2 82.0 2 
BS26 Recurrent 33.1 22.4 23.3 0.0 6.5 77.8 4 
POOLl 7/BS26)BS26 BCIFI 34.2 23.3 20.4 0.7 2.4 79.2 5 54 
Data range 26.2-47.5 18.2-26.4 9.4 - 38.8 0.0-12.5 0.0-12.5 76.5-82.0 
POP23/BS26 Fl 39.2 28.3 9.4 0.0 3.2 86.0 2 
BS26 Recurrent 32.7 21.8 27.0 0.0 1.6 78.0 4 
POP23/BS26)BS26 BCIFI 34.2 24.7 23.4 0.9 6.1 82.3 3 54 
Data range 23.8-44.3 21.9-28.1 7.0-42.1 0.0-13.4 0.0-16.7 80.5 - 86.0 
POP25/BS26 Fl 29.1 31.5 15.7 0.0 0.0 86.0 2 
BS26 Recurrent 32.4 22.9 21.4 0.0 1.6 77.8 4 
POP25/BS26)BS26 BCIFI 32.2 25.4 24.1 0.5 5.5 82.5 2 54 
Data range 20.6-43.2 21.5-28.2 12.6-48.6 0.0-3.4 0.0-12.8 79.0-86.5 
POP27/BS26 Fl 32.8 29.1 18.8 0.0 6.3 87.0 2 
BS26 Recurrent 37.7 21.3 30.4 0.0 1.7 77.8 4 
POP27/BS26)BS26 BCIFI 37.9 24.5 18.1 0.7 5.3 83.6 3 54 
Data range 22.8-58.5 17.8-30.5 3.2 - 34.4 0.0-12.5 0.0-15.7 81.5-90.5 
POP32/BS26 Fl 28.8 30.8 13.6 3.6 6.9 86.5 2 
BS26 Recurrent 35.2 22.7 24.1 1.6 4.9 78.3 4 
POP32/BS26)BS26 BCIFI 35.9 26.5 22.3 0.7 5.6 82.1 0 54 
Data range 20.6-48.4 17.5-29.0 6.3-39.0 0.0-6.3 0.0- 16.7 80.0 - 84.5 
LSD (a = 0.05) for Fl vs. Recurrent 15.0 2.6 17.8 4.3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avgs. 12.4 2.2 14.8 3.5 6.5 1.3 
LSD (a - 0.05) for Recurrent vs. BCIFI avgs. 9.0 1.6 10.6 2.5 4.7 0.9 
LSD (a - 0.05) for high vs. low comparison 17.2 3.0 20.5 4.9 9.0 1.8 
Table 12c. Means for tropical x adapted FI population crosses, adapted parent populations, and BCIFI backcross families for 
six traits for the BSCBI maize crosses evaluated in the per se study near Ames, Iowa, in 1997 
Yield Moisture Stalk Root Dropped Days to Selected Total 
Pedigree Type qha1 luuguiB luugiUB 
% 
cms liliu-puiicu 
number 
POOLI7/BSCB1 Fl 48.5 24.9 12.6 3.2 0.0 81.0 2 
BSCBI Recurrent 34.3 17.8 30.4 0.0 1.6 78.3 4 
POOL 17ZBSCB1 )BSCB 1 BCIFI 46.9 22.0 9.0 0.6 1.5 78.7 12 54 
Data range 33.9-54.7 19.6-25.1 0.0-25.1 0.0 - 6.3 0.0 - 9.4 76.5 - 82.0 
POP23/BSCB1 Fl 32.7 29.1 6.3 0.0 0.0 84.0 2 
BSCBI Recurrent 34.7 18.1 6.3 1.6 0,0 77.3 4 
POP23/BSCB1 )BSCB 1 BCIFI 42.4 23.0 9.8 0.7 1.5 81.2 5 54 
Data range 33.5-56.5 19.6-27.6 0.0-25.1 0.0-6.3 0.0-10.2 79.0 - 84.5 
POP25/BSCB1 Fl 40.4 30.5 13.2 6.5 0.0 86.0 2 
BSCBI Recurrent 32.3 18.5 16.2 1.6 1.7 78.3 4 
POP25/BSCB1 )BSCB 1 BCIFI 41.9 24.1 11.5 1.2 0.7 81.9 9 54 
Data range 29.0-57.9 21.1 -29.8 0.0 - 26.8 0.0-12.8 0.0 - 6.3 79.0-85.5 
POP27/BSCB1 Fl 43.2 28.2 6.3 0.0 0.0 86.0 2 
BSCBI Recurrent 31.7 17.2 12.5 0.0 1.6 78.5 4 
POP27/BSCB1 )BSCB 1 BCIFI 42.9 23.7 9.0 0.2 1.7 82.6 9 54 
Data range 25.4-61.9 20.5-27.4 0.0-24.1 0.0-3.2 0.0-6.7 80.0-87.5 
POP32ZBSCB1 Fl 42.9 28.6 3.2 0.0 3.2 85.0 2 
BSCBI Recurrent 31.7 17.3 6.6 0.0 1.6 77.8 4 
POP32/BSCB1 )BSCB 1 BCIFI 44.6 23.4 9.0 1.9 1.4 81.4 6 54 
Data range 33.0-60.9 20.1 -26.0 0.0-25.0 0.0-14.3 0.0-6.3 78,5 - 83.5 
LSD (a = 0,05) for Fl vs. Recurrent 15.0 2.6 17.8 4.3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avgs. 12.4 2.2 14.8 3.5 6.5 1.3 
LSD (a = 0.05) for Recurrent vs. BCIFI avgs. 9.0 1.6 10.6 2.5 4.7 0.9 
LSD (a - 0.05) for high vs. low comparison 17.2 3.0 20.5 4.9 9.0 1.8 
Table 13a, Means for tropical x adapted F1 population crosses, adapted parent populations, and BCIFI backcross families for six 
traits for the BS10 maize crosses evaluated in the per se study in Ames, Iowa, in 1997 
Stalk Root Dropped 
Yield Moisture lodging lodging cars Days to Selected Total 
Pedigree Type qha"1 % mid-pollen number 
POOLl 8/BS10 Fl 37.2 22.2 13.2 3.2 0.0 80.5 2 
BS10 Recurrent 51.2 20.7 15.7 0.0 3,1 79.3 4 
POOLl 8/BS10)BS 10 BCIFI 46.7 22.6 13.7 0.9 4.0 79.4 7 54 
Data range 31,6-62.3 20.5-25.6 0.0-48.4 0.0-6.3 0.0-12.8 77.0-82.0 
POP21/BS10 Fl 36.1 30,1 19.7 0.0 3.2 88.5 2 
BS10 Recurrent 44.7 20.7 20.3 0,0 3.2 79.0 4 
POP21ZBS10)BSI0 BCIFI 51.1 25.1 21.4 0.4 2.6 84.4 5 54 
Data range 35.0-73.1 21.7-28.7 7.2 - 46.9 0.0-4.2 0.0-10,0 80.5 - 87.5 
POP24/BS1Û Fl 37.7 32.0 18.8 0,0 6.3 86.5 2 
BS10 Recurrent 47.6 20.6 17.4 1.6 0.0 79.8 4 
POP24/BS10)BS 10 BCIFI 48.2 23.7 23.8 0.4 3.2 82.3 1 54 
Data range 33.7-79.8 21.4-28,6 0.0-52.1 0.0-3.9 0.0-16.1 80.0 - 86.0 
POP28/BS10 Fl 28.8 28.9 18.8 0.0 3.2 87.5 2 
BS10 Recurrent 42.5 20.7 31.3 0.0 4.7 79.8 4 
POP28/BS10)BS10 BCIFI 49.6 25.3 21.0 0.5 4.5 83.2 2 54 
Data range 37.9-64.8 23.1 -28.3 6.3 - 37.5 0.0-3.4 0.0-20.2 81.0-88.5 
POP43/BS10 Fl 32.8 35.3 3.2 6.3 6.3 89.5 2 
BS10 Recurrent 41.9 21,8 22.4 0,0 3.1 78.5 4 
POP43/BS10)BS 10 BCIFI 46.6 27.1 23.0 0.4 2.1 83.7 0 54 
Data range 27.6-59.8 23,2-31.4 6.3 - 37.5 0.0-6.3 0.0-9.4 82.0 - 86.0 
POP49/BS1Q Fl 35.7 30.1 6.3 0.0 6.3 89.5 2 
BS10 Recurrent 49.0 21.4 26.1 0.0 0.0 79.8 4 
POP49/BS10)BS 10 BCIFI 52.2 24.8 18.5 0.1 3.9 83.0 5 54 
Data range 42.8-78.9 21.4-28.3 3.2 - 42.9 0.0-3.2 0.0-13.4 80.5-85.0 
LSD (a = 0,05) for Fl vs. Recurrent 15.0 2.6 17.8 4.3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avgs. 12.4 2.2 14,8 3.5 6.5 1.3 
LSD (a = 0.05) for Recurrent vs. BCIFI avgs. 9.0 1.6 10,6 2.5 4,7 0.9 
LSD (a = 0.05) for high vs. low comparison 17.2 3.0 20.5 4.9 9.0 1.8 
Table 13b, Means for tropical x adapted Fl population crosses, adapted parent populations, and BCIFI backcross families for six 
traits for the BS13 crosses evaluated in the per se study in Ames, Iowa, in 1997 
Stalk Root Dropped 
Yield Moisture lodging lodging cars Days to Selected Total 
Pedigree Type qha"1 % mid-pollen number 
POOLl 8/BS13 Fl 63.9 26.4 3.2 3.2 0.0 80.5 2 
BS13 Recurrent 44.0 20.7 19.3 0.0 1.6 79.3 4 
POOL 18/BS 13)BS 13 BCIFI 53.1 21.8 12.7 0.4 1.1 78.6 10 54 
Data range 33.5-67.8 19.7-24.7 3.2-29.0 0.0-3.4 0.0-10.3 77.0-80.5 
POP21/BS13 Fl 51.8 32.3 6.7 0.0 0.0 89.0 2 
BS13 Recurrent 31.0 20.6 28.6 0.0 0.0 79.0 4 
POP2l/BS13)BSI3 BCIFI 54.5 25.3 12.2 0.0 1.4 83.0 6 54 
Data range 37.4 - 72.9 22.2 - 29.0 3.2 - 30.0 0.0 - 0.0 0.0-6.7 81.0-86.0 
POP24/BS13 Fl 69.2 31.8 6.7 0.0 0.0 85.5 2 
BS13 Recurrent 35.1 20.7 21.1 0.0 0.0 79.3 4 
POP24/BS13)BS13 BCIFI 48.7 25.2 14.1 0.2 2.6 82.4 5 54 
Data range 31.1 -58.6 22.4-30.0 3.2 - 28.8 0.0-3.2 0.0-9.6 79.5 - 85.0 
POP28/BS13 Fl 53.2 32.3 6.3 0.0 0.0 86.5 2 
BS13 Recurrent 36.5 20.0 23.7 0.0 0.0 79.3 4 
POP28/BS13)BS13 BCIFI 53.8 25.2 18.8 0.5 1.0 82.4 3 54 
Data range 44.1 -72.0 21.9 - 28.4 0.0-59.8 0.0-3.6 0.0-6.7 80.0 - 85.5 
POP43/BS13 Fl 38.4 35.3 6.3 0.0 0.0 90.5 2 
BS13 Recurrent 32.0 21.2 29.2 0.0 3.3 79.8 4 
POP43/BS13)BS13 BCIFI 53.6 26.3 15.3 0.2 1.3 83.2 5 54 
Data range 45.0-73.2 23.1 -29.5 0.0-42.1 0.0-3.4 0.0-9.4 81.5-85.0 
POP49/BS13 Fl 44.3 31.0 3.2 0.0 6.7 87.0 2 
BS13 Recurrent 35.4 21.0 6.6 0.0 3.3 79.0 4 
POP49/BS13)BS 13 BCIFI 52.7 24.2 15.2 0.0 1.2 82.2 11 54 
Data range 27.4-69.8 21.6-28.3 0.0-53.2 0.0 - 0.0 0.0-6.7 80.5-84.5 
LSD (a = 0.05) for Fl vs. Recurrent 15.0 2.6 17.8 4.3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avgs. 12.4 2.2 14.8 3.5 6.5 1.3 
LSD (a = 0,05) for Recurrent vs. BCIFI avgs. 9.0 1.6 10.6 2.5 4.7 0.9 
LSD (a - 0.05) for high vs. low range comp. 17.2 3.0 20.5 4.9 9.0 1.8 
Tabic 13c. Means for tropical x adapted Fl population crosses, adapted parent populations, and BCIFI backcross families for six 
traits for the BSSS crosses evaluated in the per se study in Ames, Iowa, in 1997 
Stalk Root Dropped 
Yield Moisture lodging lodging cars Days to Selected Total 
Pedigree Type qha"1 % mid-pollen number 
POOL18/BSSS Fl 46.7 22.1 6.3 0.0 3.2 80.5 2 
BSSS Recurrent 34.5 16.6 19.6 0.0 4.9 78.0 4 
POOLl 8/BSSS)BSSS BCIFI 49.1 20.9 11.9 0.5 5.6 79.5 8 54 
Data range 36.6-61.5 18.6-23.8 0.0 - 28.2 0.0-4.2 0.0-18.2 77.0-81.5 
POP21/BSSS Fl 35.4 31.0 12.6 0.0 0.0 87.5 2 
BSSS Recurrent 36.5 18.5 4.7 0.0 1.6 78.3 4 
POP21 ZBSSS)BSSS BCIFI 44.6 25.7 11.5 0.5 1.9 82.1 4 54 
Data range 35.1-62.1 21.2-29.0 0.0-21.9 0.0-3.2 0.0-6.7 79.5-84.0 
POP24/BSSS Fl 42.9 26.2 25.1 0.0 3.2 86.0 2 
BSSS Recurrent 35.0 19.5 11.0 0.0 0.0 78.3 4 
POP24/BSSS)BSSS BCIFI 41.5 22.4 12.3 0.8 4.7 81.8 7 54 
Data range 27.0-57.1 20.0-30,6 3.2-28.1 0.0-7.7 0.0-12.5 80.0 - 90.0 
POP28/BSSS Fl 41.1 29.3 6.7 3.2 0.0 87.0 2 
BSSS Recurrent 33.4 18.4 7.8 0.0 3.1 78.8 4 
POP28/BSSS)BSSS BCIFI 46.7 24.5 6.9 0.6 3.3 81.1 7 54 
Data range 35.1 -65.1 21.7-31.8 0.0-18.8 0.0-3.2 0.0-12.5 79.5 - 85.0 
POP43/BSSS Fl 57.5 35.2 6.7 0.0 3.6 89.0 2 
BSSS Recurrent 37.4 19.0 13.0 0.0 0.0 78.5 4 
POP43/BSSS)BSSS BCIFI 47.1 25.4 12.9 0.1 3.2 82.4 6 54 
Data range 33.9-61.6 21.4-29.7 0.0-31.9 0.0-3.4 0.0-12.6 81.0-85.0 
POP49/BSSS Fl 41.5 28.0 3.2 0.0 3.4 85.0 2 
BSSS Recurrent 35.4 19.4 6.4 0.0 7.8 78.5 4 
POP49ZBSSS)BSSS BCIFI 48.3 23.5 10.2 0.2 4.1 81.9 8 54 
Data range 36.7-61.9 19.0-28.8 0.0-32.6 0.0-3.2 0.0-16.5 79.5 - 85.0 
LSD (a = 0.05) for Fl vs. Recurrent 15.0 2.6 17.8 4,3 7.8 1.5 
LSD (a = 0.05) for Fl vs. BCIFI avgs. 12.4 2.2 14.8 3.5 6.5 1.3 
LSD (a = 0.05) for Recurrent vs. BCIFI avgs. 9.0 1.6 10.6 2.5 4.7 0.9 
LSD (a - 0.05) for high vs. low range comp. 17.2 3.0 20.5 4.9 9.0 1.8 
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range of variation for BCIFI families was significant within each of the 33 populations for 
yield, grain moisture, percent stalk lodging, and days to mid-pollen. Variation occurred 
within most of the populations for percent dropped ears, although in the analysis of 
variance, the nested percent dropped ears (%DRE) effect was only significant at the 
a = 0.13 probability level. Approximately half of the populations displayed a range for 
percent root lodging considered significant The maximum values for BCIFI progenies for 
yield were significant for most of the populations compared with the adapted parent 
population. 
Generally, values for days to mid-pollen and grain moisture for the BCIFI families 
were intermediate between the Fl (50% adapted) and the parent population (100% adapted) 
suggesting a linear relationship for maturity with increasing percentage of tropical 
germplasm. This trend was not observed for yield however. Average of BC1 families 
compared with the adapted parent for crosses with BSCBI (Table 12c), BS13 (Table 13b), 
and BSSS (Table 13c) indicated the introgression of favorable alleles for per se yield. 
Backcross introgression in the other crosses did not reduce yield compared with the adapted 
parent The ability of backcross families to either yield more or maintain the yield level of 
the adapted parents suggests that efficient evaluation of tropical introgressed materials can 
be conducted in Iowa. Also evident in Tables 12 and 13 is that average yield of BCIFI 
families was usually more than the corresponding Fl cross though usually not at a 
significant level. Differences for grain moisture, however, were usually significant between 
the families and the Fl and demonstrate the utility of backcrossing towards the native 
source as a mechanism to shift maturity towards temperate adaptation. The data for yield 
and grain moisture of backcross progenies compared with the Fl and adapted parents 
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supports the first backcross as the preferred starting point to initiate selection using 75% 
adapted temperate and 25% tropical materials. 
Greater grain yield for 50% exotic germplasm was found in the majority of crosses 
compared with 25% exotic materials by Michelini and Hallauer (1993) and by Caton 
(1999). The seven exotic populations used by Michelini and Hallauer (1993) were 
considered representative of materials used in tropical areas but all had undergone previous 
selection in temperate environments while the exotic sources used by Caton were 
subtropical in adaptation. It is likely that the tropical adaptation of the germplasm used in 
this study, and the lack of previous selection in temperate environments, contributed to the 
superiority of backcross derived progenies compared with the Fl's when both grain 
moisture and yield are considered 
Although grain moisture and days to mid-pollen of the BCIFI families were 
reduced, they are significantly later than the adapted populations, likely a consequence of 
using tropical maturing germplasm, even diluted to 25%. The BCIFI progenies averaged 
higher grain moistures than the respective adapted populations for all 33 crosses. The 
lowest individual progeny among the 33 sets of BCIFI families in Tables 12 and 13 for 
range of moisture and mid-pollen days did not overlap the adapted population in 28 or 27 of 
the 33 populations, respectively. The exceptions usually included Pool 17 or Pool 18 
related materials. This differs from Caton (1999) where BCIFI families derived from 25% 
sub-tropical materials overlapped days to mid-pollen of the recurrent parent populations. 
One particular exception to these trends was Pool 18/BS 13)BS 13 (Table 13b) which 
produced BCIFI families that averaged 78.6 days to mid-pollen compared with 79.3 days 
for the parent population BS13. Early segregates from this population also had lower grain 
61 
moisture than BS13. Contribution of Pool 18 to lower grain moisture and fewer days to 
mid-pollen could be due to alleles for earlier maturity and/or lack of alleles for later 
maturity, including possibly a reduction in photoperiod sensitivity. Prior selection for 
earlier maturity within Pool 18 in the native tropical environment likely conditioned this 
parallel response in Iowa. Though use of tropical materials has contributed grain moistures 
and flowering dates that are usually later and wetter than the adapted recurrent parent 
populations, the values for grain moisture and days to mid-pollen of backcross progenies 
are within a range acceptable for evaluation in Iowa. 
Stalk lodging, although frequent in this study, could not necessarily be attributed to 
the tropical components as percent stalk lodged plants in the adapted populations were 
frequent. For example, in Table 13b, Pop2l/BS13)BSl3 backcross families averaged 
12.2% stalk lodging while the recurrent parent averaged 28.8%. Small differences also 
occurred between percent root lodging of adapted parents and average of BCIFI progenies. 
Although a number of individual segregates displayed excessive root lodging, expression of 
this trait was generally minimal in the Ames environment in 1997. 
Averages across the per se experiment based on constituent adapted or tropical 
parent are presented in Table 14. Along with the means of the adapted parent populations, 
the data reinforce several observations made using individual population (main plot) data in 
Tables 12 and 13. The standard error for the difference of any two means will vary based 
on the number of plots used to calculate the average. Consequently, the mean square error 
term for populations (main plots) and the number of observations per mean have been 
included. 
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Table 14. Averages for BCIFI maize families grouped by constituent recurrent or donor 
population and for each adapted population check as evaluated in the per se 
experiment in Ames, Iowa, in 1997 
Adapted Averaged Heterotic Yield Grain Stalk Root Dropped Days to n 
parent across affinity qha"1 moisture lodging ears mid-
% pollen 
BS11 BCIFI families non-SS 47.3 24.4 212 3.2 82.5 270 
BS26 BCIFI families non-SS 35.0 24.9 21.6 0.7 5.0 81.9 270 
BSCBI BCIFI families non-SS 43.8 232 9.7 0.9 1.4 81.2 270 
Average non-SS families 42.0 24.2 17.5 1.0 3.2 81.9 810 
BS10 BCIFI families SS 49.1 24.8 20.3 0.4 3.4 82.7 324 
BS13 BCIFI families SS 52.8 24.7 14.7 0.2 1.4 82.0 324 
BSSS BCIFI families SS 46.2 23.7 10.9 0.4 3.8 81.5 324 
Average Stiff Stalk 49.4 24.4 15.3 0.4 2.9 82.0 972 
families 
Donor parent: 
POOLl 7 BCIFI families non-SS 43.7 22.4 15.9 0.5 2.7 79.3 162 
POP23 BCIFI families non-SS 41.2 24.0 18.1 0.8 4.3 81.8 162 
POP25 BCIFI families non-SS 40.0 24.9 20.6 2.0 2.7 82.4 162 
POP27 BCIFI families non-SS 42.7 24.5 15.8 0.6 3.4 83.5 162 
POP32 BCIFI families non-SS 43.3 25.0 17.1 1.2 2.8 82.4 162 
Average non-SS families 42.0 24.2 17.5 1.0 32 81.9 810 
POOLl 8 BCIFI families SS 49.7 21.7 12.8 0.6 3.6 792 162 
POP21 BCIFI families SS 50.1 25.4 15.1 0.3 2.0 83.2 162 
POP24 BCIFI families SS 46.2 23.8 16.7 0.5 3.5 822 162 
POP28 BCIFI families SS 49.9 25.0 15.6 0.5 2.9 82.2 162 
POP43 BCIFI families SS 49.1 26.3 17.1 0.2 2.2 83.1 162 
POP49 BCIFI families SS 51.1 24.2 14.6 0.1 3.1 82.4 162 
Average Stiff Stalk SS 49.4 24.4 15.3 0.4 2.9 82.0 972 
families 
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Table 14. (continued) 
Adapted Averaged Heterotic Yield Grain Stalk Root Dropped Days to n 
parent across affinity qha"1 moisture lodging ears mid-
% pollen 
BS11 Population per se non-SS 44.9 19.9 21.3 0.6 3.2 79.5 20 
BS26 Population per se non-SS 34.3 22.3 252 0.3 3.2 77.9 20 
BSCBI Population per se non-SS 32.9 17.8 14.4 0.6 IJ 78.0 20 
Average Adapted non-SS 
populations 37.4 20.0 20.3 0.5 2.6 78.5 
BS10 Population per se SS 46.3 21.0 22.2 0.3 2.4 79.3 24 
BS13 Population per se SS 35.8 20.7 21.4 0.0 1.3 79.3 24 
BSSS Population per se SS 35.4 18.5 10.4 0.0 2.9 78.4 24 
Average Adapted Stiff Stalk 
populations 39.2 20.1 18.0 0.1 2.2 79.0 
Pooled population error mean square 495.4 30.3 511.5 102 68.1 8.7 
In the non-Stiff Stalk oriented materials, the backcross families with BS26 as the 
recurrent parent were the lowest yielding (35.0 q ha"1) compared with BS11 and BSCBI 
derivatives across the same set of tropical donors. Within the Stiff Stalk pool, BS 13 
derived families exhibited the best yields. Overall, the Stiff Stalk materials at 49.4 q ha"1 
had a 7.4 q ha'1 yield advantage over the non-Stiff Stalk oriented backcrosses. 
Perhaps the most striking observation in the per se study is found in the comparisons 
of yield of backcross progenies averaged across the recurrent parent compared with actual 
yield of the recurrent population. For example, BSCBI derived families yielded 43.8 q ha"1 
while the adapted population BSCBI (see bottom of Table 14) yielded 32.9 q ha"1. Similar 
yield advantages of 17.0 and 10.8 q ha'1 for the backcross progenies over the recurrent 
parent populations were also observed respectively for BS13 and BSSS materials. These 
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non-orthogonal contrasts are significant at the a — 0.05 level of probability. These data 
indicate that favorable alleles for the expression of yield fiom the tropical donois have been 
introgressed into these adapted populations. 
Grain moisture and days to mid-pollen for backcross progenies containing the donor 
populations Pool 17 and Pool 18 were the driest and earliest populations within the non-
Stiff Stalk and Stiff Stalk oriented materials and Population 43 derived families were the 
latest Also evident is the sizeable grain moisture differential that still exists between 
BCIFI families and adapted populations. 
There was also no evidence that the tropical populations intensified or contributed to 
increased stalk lodging or dropped ears. Observations from Table 14 confirm the earlier 
data from Tables 12 and 13. 
The presence of genetic variation and acceptable expression of agronomic traits 
observed in the per se study allowed for multiple trait selection among BCIFI families. 
Selection for higher grain yield, lower grain moisture, lower stalk and root lodging, and 
fewer days to mid-pollen was conducted within, and to some extent between, each of the 
backcross populations with respect to the two heterotic pools. The number of individuals 
selected from each backcross population are listed in Tables 12 and 13. A total of 100 
BCIFI progeny were selected fiom 486 Stiff Stalk backcross entries, a percentage of 
24.7%. The total number of progeny selected from among the 405 non-Stiff Stalk 
backcross entries was 81, or 19.6%. 
Unrealized gains from per se selection and the averages for Fl crosses, adapted 
populations, and BCIFI families within the Stiff Stalk and non-Stiff Stalk pools and 
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combined across pools are presented in Table 15. Averaged across both pools, the selected 
BCIFI families averaged 7.9 q ha*1 more yield, 1.1% less grain moisture, 6.2% less stalk 
lodging, and were one day earlier to mid-pollen than the mean of all families. These 
differences were statistically significant and were encouraging for yield and stalk lodging 
though gains for grain moisture and days to mid-pollen were moderate. Calculated as a 
percentage of all BCIFI families, these gains were 17.1,-4.5, -38.0 and-1.2% for yield, 
grain moisture, percent stalk lodging, and days to mid-pollen, respectively. Gains for root 
lodging were not significant 
Unrealized gains within the two heterotic pools were similar to each other for most 
traits and were similar to the overall gains discussed previously. Yield gains in the non-
Stiff Stalk oriented materials were 2.1 q ha"1 more than the gains observed among the Stiff 
Stalk selections. These data are very encouraging as it suggests selection progress for 
several traits was accomplished and that alleles conditioning improved yield and stalk 
lodging resistance were introduced from the tropical populations. 
In regard to grain moisture and days to mid- pollen, two very important indicators of 
adaptation, it must be emphasized that as efficient as one generation of per se selection for 
grain moisture may have been, it most likely does not approximate the effect of 
backcrossing to the adapted population. For example, in Table 15 the spread between the 
average grain moisture of the combined Fl's and the BCIFI families was 29.2 - 24.3% or 
4.9% moisture. The range between all the BCIFI families and the BCIFI selections was 
24.3 -23.2% or only 1.1%. Hence, the 6.0% change in grain moisture between the Fl 
(50% tropical) and the selected BCIFI (25% tropical) families, 82% of that change 
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Table 15. Unrealized gain from selection and averages for F1 crosses, adapted 
populations, and BCIFI families within the Stiff Stalk and non-Stiff Stalk pools 
and combined across pools for six agronomic traits evaluated in the per se 
experiment in 1997 near Ames, Iowa 
Material Heterotic Yield Moisture Stalk Root Dropped Days No. 
classification pool qha"1 lodging ears to plots 
% mid- per 
pollen avg. 
Selected BCIFI families non-Stiff 512 23.2 10.8 0.6 1.7 80.8 162 
All BCIFI families non-Stiff 422 24.2 17.5 1.0 3 2 81.9 810 
Adapted populations non-Stiff 37.4 19.9 20.3 0.5 2.6 78.5 60 
F1 cross non-Stiff 37.8 28.4 12.4 1.7 2.4 85.1 30 
Unrealized gain* 9 -1.0 -6.7 -0.4 -1.5 -1.1 
% Unrealized 
selection gain* 21.3 -4.1 -383 -40.0 -46.9 -13 
Selected BCIFI families Stiff Stalk 56.3 23.1 9.6 0.3 1.8 81.2 200 
All BCIFI families Stiff Stalk 49.4 24.4 153 0.4 2.9 82.0 972 
Adapted populations Stiff Stalk 39.1 20.0 18.0 0.1 22 79.0 72 
F1 cross Stiff Stalk 44.1 30.0 9.6 0.9 2.5 86.4 36 
Unrealized gainf 6.9 -13 -5.7 -0.1 -1.1 *0.8 
% Unrealized 
selection gain* 14.0 -53 -37.3 -25.0 -37.9 -1.0 
Selected BCIFI families Combined 54.0 23.2 10.1 0.4 1.7 81.0 362 
All BCIFI families Combined 46.1 243 16.3 0.7 3.0 82.0 1782 
Adapted populations Combined 38.3 20.0 19.0 03 2.4 78.7 132 
F1 cross Combined 41.3 292 10.9 13 2.4 85.8 66 
Unrealized gain* 7.9 -1.1 -6.2 -03 -1.3 -1.0 
% Unrealized 
selection gain* 17.1 -4.5 -38.0 -42.9 -43.3 -1.2 
MSE for populations1 495.43 30.29 511.54 10.21 68.09 8.71 
MSE for nested families 76.86 2.33 109.5 6.28 21.09 0.82 
f % Unrealized gain = (Average of selected BCIFI families - average of all BCIFI 
families)* 100. 
* Standard error = \{b-\]MSEfimiaa+MSEfap. [ {b-DMSE^+MSE^ 
n. tu 
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(4.9 -s- 6.0) could be attributed to backcrossing with the adapted population. These trends 
are observed in the non-Stiff Stalk and Stiff Stalk pools. 
These results demonstrate the influence backcrossing has to rapidly shift grain 
moisture and flowering toward adapted values in this study. Mass selection (Troyer and 
Brown, 1976; Center, 1976; and San Vicente and Hallauer, 1993) and evaluation in short-
day environments followed by photoperiod conversion (Holland and Goodman, 1995) have 
also been successfully practiced to adapt materials with varying percentages of exotic 
germplasm to temperate environments, though several generations of selection were 
required. 
Correlations for six traits across entry means for non-Stiff Stalk and Stiff Stalk 
oriented materials are shown in Table 16. Yield within both the non-Stiff Stalk and Stiff 
Stalk oriented materials showed a low, significantly negative correlation with percentage 
dropped ears and a significantly low positive correlation between stalk lodging and grain 
moisture. Yield was correlated with percentage stalk lodging within the non-Stiff Stalk 
Table 16. Phenotypic correlations among traits for non-Stiff Stalk oriented BC1 Fl maize 
families (above diagonal) and for Stiff Stalk oriented BCIFI maize families 
(below diagonal) 
Yield Grain Root Stalk Dropped Days to 
q ha"1 moisture lodging lodging ears mid-pollen 
% 
Yield -0.04 0.05 -0.18** -0.24** -0.11 * 
Moisture 0.04 0.10* 0.18** 0.07 0.57** 
Root lodging -0.03 0.02 0.11 -0.03 0.06 
Stalk lodging -0.05 0.12** 0.03 0.12* 0.21* 
Dropped ears -0.26e* -0.16** 0.13** -0.04 0.06 
Mid-pollen -0.04 0.71** 0.01 0.25** -0.05 
*,** Correlations significantly different from zero at 0.05 and 0.01 probability levels. 
Table 17. Phenotypic correlations on a plot mean basis for Irait values of BCIFI families of 33 backcioss maize populations with 
the corresponding nested F1 population cross and adapted recurrent populations 
Yield Grain Stalk Root Dropped Days to mid 
q ha"1 moisture lodging lodging ears pollen 
% 
BCIFI families ADPT* F1 ADPT F1 ADPT F1 ADPT F1 ADPT F1 ADPT F1 
Yield 0.34 0.45** -0.22 0.20 0.01 -0.18 -0.18 -0.13 -0.12 -0.13 0.67** 0.15 
Moisture -0.14 -0.35* 0.50 0.80** 0.23 0.03 0.10 -0.02 -0.03 0.26 0.19 0.84** 
Stalk lodging 0.40* -0.42* 0.71** 0.20 0.51** 0.41* 0.23 0.07 0.14 0.48** 0.31 0.25 
Root lodging 0.04 -0.23 -0.15 -0.20 -0.07 0.36* 0.43* 0.25 0.09 0.23 0.00 -0.14 
Dropped ears 0.21 -0.30 0.29 -0.26 0.27 0.43* -0.18 -0.24 0.22 0.28 -0.08 -0.09 
Mid-pollen -0.06 -0.39* 0.29 0.69** 0.15 0.25 0.12 -0.28 -0.11 0.36* 0.23 0.89** 
r ADPT denotes adapted recurrent population. 
*,** Significantly different from zero at the 0.05 and 0.01 levels of probability. 
BCIFI averages based on 2 replications of 27 single row plots, adapted parent averages based on 4 single row plots, and F1 
averages based on 2 single row plots. 
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materials. Most of the statistically significant correlations in the per se study were low 
(between 0.20 to -0.20) and as such would have relatively little predictive value. The 
exceptions were the correlations of grain moisture with mid-pollen days within the non-
Stiff Stalk group (0.57) and the Stiff Stalk group (0.71 ). The association of grain moisture 
and days to mid-pollen suggests that selections based on days to mid-pollen could be 
beneficial towards reducing harvest grain moisture among selected materials. Since 
machine harvest of per se materials is not feasible in many breeding programs, the use of an 
indicator of (lowering time, such as days to mid-pollen, could be used to efficiently identify 
the later maturing families. 
Correlations were calculated between averages for populations of BCIFI families 
with the corresponding F1 population cross and adapted recurrent parent population (Table 
17). This was accomplished to understand the relationship between traits measured on an 
F1 and the recurrent population with the corresponding average of BCIFI families. A 
significant association (0.67) between yield of BCIFI families and days to mid-pollen of 
the adapted parent is likely a reflection that higher yielding families generally came from 
populations that had relatively later recurrent parents. Similarly, percent stalk lodging of 
the BCIFI families was positively associated (0.71) with grain moisture of the adapted 
parent suggesting that the wetter adapted populations (BS11 and BS26) tended to have 
backcross populations with more stalk lodging. Percent stalk lodging in the backcross 
families was also significantly associated with the stalk lodging observed in the adapted 
population (r = 0.51) and the F1 (r = 0.41). A moderate but significant correlation of 0.45 
was also observed between yield of backcross families and the F1 crosses. Correlations 
between grain moisture of BCIFI progenies with days to mid-pollen and grain moisture of 
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the F1 were 0.84 and 0.80, respectively. These high correlations are significant considering 
the importance that harvest grain moisture and flowering dates function as measures of 
adaptation. In this study, the days to mid-pollen of the F1 were measured on only two plots 
and could serve as a reliable predictor of the average grain moisture of backcross derived 
families. 
High-parent heterosis and inbreeding depression were calculated for each of the 18 
Stiff Stalk oriented crosses and for the 15 non-Stiff Stalk oriented crosses and are presented 
in Tables 18 and 19. High-parent heterosis was calculated assuming the adapted parent 
would be the highest yielding parent In the Stiff Stalk oriented crosses (Table 18), BS10 
crosses displayed negative values for high-parent heterosis for yield. This was in contrast 
to mostly positive values for BS13 and BSSS crosses and suggests that BS13 and BSSS 
contain more allelic diversity than does BS10 with respect to the CIMMYT populations 
used in the study. Thus, heterosis between some members of Stiff Stalk and Tuxpedo 
oriented populations certainly does exist Introgression of Tuxpefio into Stiff Stalk will 
generally provide a source of unique alleles and will thus help to increase the genetic 
variability of this pool. These results are in agreement with Caton (1999) where positive 
values for high-parent heterosis of BSSS and BS13 with a subtropical inbred line and a 
negative value for the BS10 cross were reported. 
Inbreeding depression occurs because of an increase in the frequency of 
homozygous loci and a decrease in the frequency of heterozygous loci and is generally 
accompanied by a loss of vigor and is opposite or complimentary to heterosis (Falconer and 
Mackay, 1996). The general lack of inbreeding depression in Tables 18 and 19 does not 
support the supposition that backcrossing would reduce yield compared to the Fl. In most 
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Table 18. High-parent heterosis and inbreeding depression of tropical x adapted Stiff Stalk 
oriented maize crosses for yield evaluated in the per se experiment conducted 
near Ames, Iowa, in 1997 
Pedigree Grain yield (q ha'1) 
High-parent* heterosis, % Inbreeding* depression, % 
P(X)L18/BS10)BS10 -27.3 -25.5 
POP21/BSIO)BSIO -19.2 -41.6 
POP24/BS 10)BS 10 -20.8 -27.9 
POP28/BS 10)BS10 -32.2 -72.2 
POP43/BS 10)BS 10 -21.7 -42.1 
POP49/BS 10)BS 10 -27.1 -46.2 
POOL18/BS13)BS13 45.2 16.9 
POP21/BS13)BS13 67.1 -5.2 
POP24/BS13)BS 13 97.2 29.6 
POP28/BS13)BS13 45.8 -1.1 
POP43/BS13)BS 13 20.0 -39.6 
POP49/BS13)BS 13 25.1 -19.0 
POOL 18/BSSS)BSSS 35.4 -5.1 
POP21 /BSSS)BSSS -3.0 -26.0 
POP24/BSSS)BSSS 22.6 3.3 
POP28/BSSS)BSSS 23.1 -13.6 
POP43/BSSS)BSSS 53.7 18.1 
POP49/BSSS)BSSS 17.2 -16.4 
f High-parent heterosis = [(Fl - PI) / Pl]*100 where Pl= the adapted recurrent parental 
^ population. 
* Inbreeding depression = [(Fl -BC1) / Fl]* 100. 
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Table 19. High-parent heterosis and inbreeding depression of tropical x adapted non-Stiff 
Stalk oriented maize crosses for yield evaluated in the per se experiment 
conducted near Ames, Iowa, in 1997 
Pedigree Grain yield (q ha"1) 
High-parent* heterosis, % Inbreeding* depression, % 
POOL17/BSll)BSll -0.4 9.9 
POP23/BS11)BS11 -20.5 -22.2 
POP25/BS11)BS 11 -15.6 -26.9 
POP27/BS11)BS 11 -27.8 -67.3 
POP32/BS11)BS11 -6.4 -28.8 
POOL 17/BS26)BS26 8.2 4.5 
POP23/BS26)BS26 19.9 12.8 
POP25/BS26)BS26 -10.2 -10.7 
POP27/BS26)BS26 -13.0 -15.5 
POP32/BS26)BS26 -18.2 -24.7 
POOL 17/BSCB1 )BSCB 1 41.4 3.3 
POP23/BSCB1 )BSCB 1 -5.8 -29.7 
POP25/BSCB1 )BSCB 1 25.1 -3.7 
POP27/BSCBI )BSCB 1 36.3 0.7 
POP32/BSCB1 )BSCB 1 35.3 -4.0 
High-parent heterosis = [(Fl - PI) / PI]* 100 where Pl= the adapted recurrent parental 
population. 
'Inbreeding depression = [(Fl -BCl) / Fl]*100. 
73 
of the populations the opposite was true as the BC1F1 progenies generally yielded more 
than the Fl. In this material, it is likely that any inbreeding depression present would be 
masked by the increased productivity of backcross progenies having a higher frequency of 
adapted germplasm compared to the Fl. The positive values for high-parent heterosis 
observed in the BS13 and BSSS crosses, are confirmed with generally greater inbreeding 
depression. The crosses of BS13 with Pool 18, Pop 21, and Pop 24 and of BSSS with Pool 
18, Pop 24 and Pop 43 have relatively more inbreeding depression combined with good 
high-parent heterosis values. These results infer that good vigor could result between 
crosses of these adapted Stiff Stalk populations with derivatives of these particular Tuxpefio 
populations if introgressed into non-Stiff Stalk germplasm and emphasize the divergent 
nature of exotic germplasm relative to U.S. heterotic pools. Diallels among CIMMYT 
populations and lines evaluated in the tropics have shown that materials classed as Tuxpefio 
in origin (generally dent types) may combine well with each other (Vasal, I992a,b) though 
materials fell generally into a dent x flint heterotic pattern. 
High-parent heterosis and inbreeding depression for non-Stiff Stalk oriented crosses 
are presented in Table 19. BSCB1 generally had the higher values for high-parent heterosis 
as compared to generally negative values for the BS26 and BS11 crosses. The CIMMYT 
materials, with the exception of Pop 23, are more likely to contain unique alleles relative to 
BSCB1. In contrast, of the CIMMYT materials crossed to BS26, it was Pop 23 that 
displayed the most high-parent heterosis and less inbreeding depression. CIMMYT 
materials in combination with BS11 produced low (-0.4 to -27.8%) high-parent heterosis 
values with commensurate inbreeding depression. It is therefore likely that the CIMMYT 
materials have less allelic diversity with BSl 1 than with BS26 and BSCB1. 
74 
By comparing the high-parent heterosis and inbreeding depression results of the 
non-Stiff Stalk and Stiff Stalk materials (Tables 18 and 19), it seems that the Tuxpeflo 
related CIMMYT materials have generally more allelic diversity with U.S. Stiff Stalk than 
do the non-Tuxpefio related CIMMYT materials have with the non-Stiff Stalk U S. 
populations. This is similar to previous results by Mongoma and Pollak ( 1988) and 
Michelini and Hallauer (1993) where Reid Yellow Dent germplasm had higher mid-parent 
values with exotic germplasm than did germplasm of Lancaster Sure Crop derivation. 
Testcross Experiment 
Selections from the per se experiment were evaluated in testcross combination in six 
Iowa locations and one Nebraska location in 1999 in a 15 x 15 simple lattice design. Initial 
single and multiple location analyses showed low to zero gains in relative efficiency using 
lattice analysis mean adjustments relative to randomized complete block design (RCBD) 
analysis. Consequently, RCBD analysis was conducted for all traits. Low efficiencies of 
lattice designs were also observed in experiments conducted by Michelini and Hallauer 
(1993) and Eagles and Hardacre (1990). In contrast, Caton (1999) found relative 
efficiencies using lattice analysis in a 13 xl3 simple lattice that justified the use of lattice 
analysis generated mean adjustments. 
The primary function of the testcross experiment was multiple location evaluation 
and selection of topcrossed, heterotically aligned BCIFI families compared with the 
appropriate recurrent population testcross. Though introgression of alleles for yield from 
the tropical donor populations was originally the primary trait of interest, increased 
selection pressure on tolerance to root lodging was necessary to maintain agronomic 
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acceptability among the selected fraction. Selected BCIFI families, based on testcross 
evaluation for agronomic performance, will be intermated within heterotic groups to form 
base populations of Stiff Stalk and non-Stiff Stalk orientation for future use as paired 
populations in a reciprocal recurrent selection program. 
Secondary objectives for the topcross experiment included evaluation of BCIFI 
testcrosses for trends regarding constitutive adapted and exotic population contributions. 
Testcross performance of bulked BCIFI families will be compared with mean testcross 
performance of per se selected BCIFI families to gauge the efficiency of per se selection 
on testcrosses and to determine the utility of testcrossed population bulks to predict the 
average testcross performance of derived families. 
Average grain yield for the testcross experiment across all locations was 74.1 q ha"1 
with Ames, Iowa, the highest yielding location at 90.9 q ha"1 and Greenfield, Iowa, the 
lowest yielding at 53.2 q ha"1. Harvest grain moisture averaged 25.0% overall with 
Fairberry, Nebraska, the lowest grain moisture location, averaging 18.1%. An early harvest 
relative to locally adapted hybrids was accomplished at Hedrick, Iowa, location resulting in 
the wettest grain moisture location at 32.2%. Stalk lodging was relatively minor, averaging 
2.9% overall and in contrast with the greater stalk lodging of 16.3% observed in the per se 
study in 1997. 
Root lodging averaged 7.8% across the testcross experiment and was greater than 
average at two locations because of mid and late season storms accompanied by high 
winds. Columbus Junction and Greenfield, Iowa averaged 21.0 and 13.2% root lodging, 
respectively, and the remaining locations were at or below the average. The relatively high, 
yet not excessive levels of root lodging in this study, may be considered beneficial given 
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the variable nature of root lodging and the general tendency for exotic derived materials to 
have greater root lodging in temperate environments compared to adapted materials. 
The analyses of variance are presented in Tables 20 and 21 for 12 agronomic traits 
and indicated significant variability for all traits measured. Selection for greater grain 
yield, and reduced grain moisture, stalk lodging, and root lodging among the topcrossed 
BCIFI families was accomplished primarily in reference to the topcross of the respective 
adapted parental population using a multiple trait selection index, although good overall 
performance also was considered. Trait averages for the selected families, all families, key 
adapted population topcross es, and several single-cross hybrids are presented in Tables 22 
and 23. 
Yields of selected families were similar to testcrosses of adapted populations. Two 
selections, (Pop25/BSl 1)BS11-3 x LH198 and Pop32/BSl l)BSl 1-4 x LH198), exceeded 
the respective recurrent parent testcross by one LSD. Selected families had greater grain 
moisture than the adapted testcrosses. Of the 36 selected hybrids from both pools, 16 
displayed grain moisture values within one LSD of the grain moisture of the adapted 
testcross. Over half of these hybrids with lower grain moisture were derived from Pool 17 
or Pool 18 materials. Root and stalk lodging of the selected hybrids also were similar to 
standability of the adapted population testcrosses. 
Among the non-Stiff Stalk oriented populations (Table 22), 16 families were 
selected; 19.6% of the 81 non-StiffStalk entries evaluated. Of these 16 selections, 10 
yielded more than the population check. Grain moisture for these selections was greater 
than testcrosses of the adapted check populations but similar to Cargill 8011, an early zone 
8 hybrid. Differences (unrealized gains) between the selected non-Stiff Stalk hybrids and 
Table 20, Analysis of variance, means, and coefficients of variation (C.V.) for six agronomic traits evaluated in the maize 
testcross experiment conducted at seven locations in 1999 
Mean squares 
Source of variation df Yield q ha"1 
Grain 
moisture Stand 
Stalk Root 
lodging Dropped ears 
% 
Environments (Env.) 6 76786.1** 9356.9** 894.96* 1130.7** 22272.0** 24.8** 
Replications (Env.) 7 1522.6** 54.5** 180.62** 36.0** 442.4** 0.2 
Genotypes 224 607.3** 33.5** 15.36** 17.5** 123.6** 0.5** 
Env. x Genotypes 1344 83.9** 6.0** 11.93** 8.3 57.3** 0.4 
Error 1568 60.2 3.9 10.52 7.9 44.1 0.4 
R2 0.88 0.92 0.61 0.64 0.80 0.57 
Mean 74.1 25.0 98.5 2.9 7.8 0.2 
C.V. (%) 10.5 7.9 3.3 96.6 85.6 350.6 
Standard error 2.45 0.65 0.92 0.77 2.11 0.16 
L.S.D. (0.05) 6.78 1.81 2.56 2.14 5.84 0.44 
Repeatability 0.86 0.82 0.22 0.53 0.54 0.26 
*,** Significant at the 1% and 5% probability levels, respectively. 
Table 21. Analysis of variance, means, and coefficients of variation (C.V.) for days to mid-silk (MS), days to mid-pollen (MP), 
plant and ear height, and test weight of maize testcrosses evaluated in the testcross experiment in 1999 
Source of Mean squares, 
variation df Mean squares, days df Mean squares, cm df kg ha1 
MS MP Ear height Plant height Test weight 
Environments (Env.) 2 40109.4** 38337.5** 1 517.9 69726.8** 4 7518.0** 
Replications (Env.) 3 61.6** 43.5** 2 2057.1** 17616.7** 5 5.4 
Genotypes 224 9.1** 9.1** 224 340.8** 506.4** 224 22.3** 
Env. x Genotypes 448 2.0** 1.8* 224 96.3 103.6 896 8.5** 
Error 672 1.6 1.6 448 97.4 114.0 1120 6.8 
R2 0.95 0.95 0.70 0.82 0.85 
Mean 72.1 71.1 113.9 249.2 75.1 
C.V. (%) 1.8 1.8 8.7 4.3 3.5 
Standard error 0.58 0.56 5.09 4.91 0.92 
L.S.D. (0.05) 1.60 1.54 13.67 14.19 2.55 
Repeatability 0.78 0.82 0.72 0.80 0.62 
*,** Significant at the 1% and 5% probability levels, respectively. 
Table 22. Testcross means of 16 selected individual non-StiffStalk oriented BCIFI maize families and check hybrids for nine 
agronomic traits evaluated in the testcross experiment conducted in seven locations in 1999 
Testcross Yield Grain Stalk Root MS* MP* Height Height Test GLS* 
pedigree qha'1 moisture lodging lodging plant ear weight rating 
% days cm kg ha'
1 
POOL17/BS11)BS11-19 X LH198 78.2 22.3 2.0 4.4 70.8 69.5 248.4 115.8 75.9 6 
POOL17/BS11)BS11-27 X LH198 78.2 23.0 5.5 5.7 71.5 70.5 261.4 118.9 75.2 8 
POP23/BS11)BS 11 -14 X LH198 77.0 23.2 5.7 4.8 72.8 71.8 248.4 115.8 76.7 8 
POP23/BS11 )BS 11-7 X LH198 79.6 22.4 4.9 4.6 72.7 72.0 259.1 109.7 75.8 8 
POP25/BSI l)BSI 1-3 X LH198 80.5 25.8 1.8 7.8 73.8 72.3 255.3 121.9 76.2 8 
POP32/BS11 )BS 11 -4 X LH198 82.5 23.2 2.7 6.8 74.0 72.0 255.3 125.0 74.9 8 
POOL 17/BS26)BS26-20 X LH198 78.8 24.7 4.2 4.8 72.2 70.7 254.4 117.3 75.8 6 
POP27/BS26)BS26-27 X LH198 79.8 24.8 5.8 4.6 72.8 71.5 257.6 122.7 75.4 7 
POOL17/BSCBl)BSCBl-l X LH198 81.1 23.6 1.3 7.1 71.8 69.5 258.3 118.9 77.2 9 
POOL 17/BSCB1 )BSCB 1 -23 X LH198 82.2 23.8 2.0 6.1 71.0 70.2 254.5 118.9 78.4 8 
POOL 17/BSCB1 )BSCB 1 -3 X LH198 78.4 24.7 2.4 5.4 70.7 69.8 246.1 110.5 77.8 9 
POP2 3/BSCB1 )BSCB 1 -19 X LH198 87.6 25.0 2.3 7.1 71.2 70.7 262.9 119.6 77.3 8 
POP23/BSCB1 )BSCBI -8 X LH198 84.0 25.8 2.4 7.0 72.2 71.2 254.5 115.8 75.8 7 
POP2 5/BSCB1 )BSCB 1 -14 X LH198 81.1 23.9 2.9 2.7 71.3 70.0 253.7 109.7 76.7 8 
POP27/BSCB1 )BSCB 1 -1 X LH198 84.3 25.2 3.0 5.3 72.8 72.0 263.7 121.9 75.5 7 
POP27/BSCB1 )BSCB 1-13 X LH198 85.6 26.6 1.5 5.6 73.0 72.0 259.8 121.9 77.4 8 
f GLS, (Gray Leaf Spot) ratings (1-9 scale with 9 as best) as recorded on one row in the testcross production isolation blocks in 
Sept. 1998. 
* Contrasts significant at the a = 0.05 level of probability. 
* Days to mid-silk and mid-pollen, respectively. 
Table 22. (continued) 
Testcross 
pedigree 
Yield 
qha"1 
Grain 
moisture 
Stalk 
lodging 
% 
Root 
lodging 
MS* MP* 
days 
Height Height 
plant ear 
cm 
Test 
weight 
kg ha"1 
GLSf 
rating 
Average of selected hybrids 81.2 24.3 3.1 5.6 72.2 71.0 255.8 117.8 76.4 7.7 
Average of all non SS hybrids 76.8 24.7 3.0 8.3 72.5 71.3 257.3 121.1 76.4 7.7 
Difference (unrealized gain) 4.4* -0.4* 0.1 -2.7* -0.3 -0.3* -1.5 -3.3 0 
BS11XLH198 73.4 21.6 4.1 4.6 71.8 70.7 251.5 118.1 75.5 4 
BS26XLH198 80.5 22.9 4.0 5.6 71.7 71.0 262.9 121.2 74.9 6 
BSCB1 X LH198 82.4 23.0 2.8 7.4 70.8 70.2 246.9 115.8 76.3 6 
LHI98 X LHI85 (Early 7) 89.7 20.6 2.0 3.1 70.0 69.7 244.6 107.4 74.0 
B97XLH198 90.8 22.5 1.8 8.7 71.5 70.7 259.1 117.3 76.0 
CARGILL 7770 (Late zone 7) 92.2 23.5 1.4 1.5 72.2 71.2 252.2 109.7 76.2 
CARGILL 8011 (Early zone 8) 81.1 24.3 1.5 8.2 72.7 71.0 254.5 105.2 74.9 
Testcross expt. Mean 74.1 25.0 2.9 7.8 72.1 71.1 249.2 113.9 75.1 
L.S.D. (.05) 6.8 1.8 2.1 5.6 1.6 1.5 14.2 13.7 2,6 
C.V. (%) 10.5 7.9 96.6 85.6 1.8 1.8 4.3 8.7 3.5 
Table 23, Testcross means of 20 selected individual Stiff Stalk oriented BCIFI maize families and check hybrids for nine 
agronomic traits evaluated in the testcross experiment conducted at seven locations in 1999 
Testcross Yield Grain Lodging MS* MP* Height Height Test GLS* 
pedigree q ha"1 moisture Stalk Root plant ear weight, rating 
% days cm kg ha'1 
POOL18/BS10)BS10-15 X LH185 77.5 23.0 3.1 5.7 70.5 69.3 234.7 106.7 74.5 7 
POOL 18/BS10)BS 10-21 X LH185 78.4 23.1 2.1 6.5 69.8 69.0 230.9 97.5 73.4 7 
POOL18/BS13)BS13-18 X LH185 77.6 23.2 3.2 5.6 70.0 69.5 232.4 102.1 76.1 6 
POOL18/BS13)BS13-19 X LH185 77.9 24.9 1.0 5.3 70.5 69.7 227.8 95.3 74.9 4 
POOL 18/BS13)BS 13-3 X LH185 77.4 23.9 1.9 5.7 69.3 68.3 224.8 101.3 74.7 8 
P0P43/BSI3)BS13-I2 X LH185 70.2 26.2 2.2 3.1 72.3 72.0 235.5 113.5 75.0 7 
POP49/BS13)BS 13-2 X LH185 75.6 25.8 2.8 4.6 72.2 70.8 232.4 105.2 73.7 8 
POP49/BS13)BS 13-4 X LH185 74.8 24.6 2.7 3.6 71.3 70.7 240.8 107.4 74.1 9 
POOL 18/BSSS)BSSS.-23 X LH185 80.1 23.8 2.3 2.6 70.8 69.8 249.2 105.9 73.7 7 
POOL 18/BSSS)BSSS-7 XLH185 79.0 24.5 1.6 2.4 70.0 69.2 241.6 95.3 73.9 5 
POOL 18/BSSS)BSSS-8 X LH185 77.1 24.0 2.2 3.7 71.5 70.3 247.7 105.9 73.1 6 
POP24ZBSSS)BSSS-19 XLH185 79.4 24.2 2.3 5.0 70.7 70.2 241.6 110.5 73.9 4 
POP24/BSSS)BSSS-2 X LH185 79.7 23.5 2.4 4.4 70.3 69.8 243.8 105.2 74.0 5 
POP24/BSSS)BSSS-20 XLH185 80.3 24.9 1.0 6.1 70.7 70.2 251.5 109.7 73.0 6 
POP24/BSSS)BSSS-8 X LH185 82.5 24.3 2.7 2.2 71.2 70.0 240.8 99.1 73.1 5 
POP28/BSSS)BSSS-2 XLH185 80.6 24.6 0.8 6.8 71.8 71.3 250.7 112.0 73.6 6 
POP28/BSSS)BSSS-20 XLH185 77.4 26.4 3.2 2.8 71.8 70.3 250.7 110.5 75.8 8 
POP28/BSSS)BSSS-7 XLH185 75.3 23.3 2.4 3.5 70.8 70.2 240.8 107.4 71.8 4 
POP49/BSSS)BSSS-20 X LHI85 79.8 24.9 3.6 6.4 70.5 69.7 238.5 100.6 74.6 6 
POP49/BSSS)BSSS-7 XLH185 79.9 22.9 2.0 5.5 70.2 69.8 230.9 93.7 74.6 6 
* GLS, (Gray Leaf Spot) ratings (1-9 scale with 9 as best) as recorded on one row in the testcross production isolation blocks in 
Sept. 1998. 
* Contrasts significant at the a = 0.05 level of probability. 
* Days to mid-silk and mid-pollen, respectively. 
Table 23. (continued) 
Testcross Yield Grain Lodging MS* MP* Height Height Test GLS* 
pedigree q ha"1 moisture Stalk Root plant ear weight, rating 
% days cm hg ha1 
Average of selected hybrids 78.0 24.3 2.3 4.6 70.8 70.0 239.3 104.2 74.1 6.2 
Average of all Stiff Stalk hybrids 71.8 25.3 2.8 7.4 71.7 70.9 242.1 108.3 74.1 6.6 
Difference (unrealized gain) 6.2* -1.0* -0.5* -2.8* -0.9* -0.9* -2.8* -4.1* 0 
BS10X LH18S 76.1 22.3 3.2 4.2 71.0 69.5 222.5 100.6 73.6 5 
BS13XLH185 79.0 22.6 1.8 5.0 70.5 69.2 233.9 101.3 72.9 5 
BSSSXLH185 77.2 21.7 2.6 2.8 69.7 69.0 239.3 99.1 71.8 3 
B104X LHI85 82.6 24.3 0.6 5.5 70.7 69.8 229.4 91.4 75.2 
LHI98XLHI85 (early zone 7) 89.7 20.6 2.0 3.1 70.0 69.7 244.6 107.4 74.0 
CARGILL 7770 (late zone 7) 92.2 23.5 1.4 1.5 72.2 71.2 252.2 109.7 76.2 
CARGILL 8011 (early zone 8) 81.1 24.3 1.5 8.2 72.7 71.0 254.5 105.2 74.9 
Testcross expt. mean 74.1 25.0 2.9 7.8 72.1 71.1 249.2 113.9 75.1 
L.S.D. (.05) 6.8 1.8 2.1 5.6 1.6 1.5 14.2 13.7 2.6 
C.V. (%) 10.5 7.9 96.6 85.6 1.8 1.8 4.3 8.7 3.5 
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all the non-Stiff Stalk hybrids were significant for yield, grain moisture, percent root 
lodging, days to mid-pollen, and ear height. 
The six selections containing BS11 germplasm yielded 77.0 to 82.5 q ha"1 compared 
with 73.4 q ha1 for the key testcross of BS11 x LH198. Of these six selections, two 
exceeded BS11 x LH198 by one LSD for yield. The difference between the average of 
these six BS11 selections and BS11 x LH198 was 5.9 q ha"1, significant at the 0.05 
probability level. All six BS11 derived selections exceeded the grain moisture of BS11 x 
LH198 though only one was greater than one LSD. Generally, the six BS11 derived 
families were, as a group, the drier selections among the 16 non-StiffStalk oriented 
selections due in part to the lower moisture of BS11. 
Only two selections were made with families containing BS26 because the check 
population cross, BS26 x LH198, usually expressed better yield than most of the related 
backcross families. The allelic contribution from the tropical materials to BS26 was less 
beneficial for yield compared with BS11 and BSCB1. 
BSCB1 derived families accounted for 8 of the 16 non-StiffStalk oriented 
selections due to excellent yields compared with the key check hybrid and excellent overall 
yields. The highest yielding selection in the testcross experiment, (Pop23/BSCBl)BSCBl-
19 x LH198, a BSCB1 derivative), yielded 87.6 q ha"1, which was comparable to the key 
commercial single-cross check hybrid, LH198 x LH185. Root quality was average among 
these selections but still acceptable compared with the adapted population testcross and 
similar to the commercially released hybrid, Cargill 8011. 
Selection in the Stiff Stalk oriented crosses (Table 23) resulted in keeping 20 
families of the original 100 Stiff Stalk oriented families, or 20% of the testcrosses 
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evaluated. Yield of these 20 families averaged 78.0 q ha"1, similar to the testcross yields of 
BS10, BS13, and BSSS of 76.1,79.0 and 77.2 q ha"1, respectively. Means for percent stalk 
and root lodging and days to mid-silk and to mid-pollen were also similar to the population 
checks. Grain moisture of these selections ranged from 1.7 to 2.6% more than the Stiff 
Stalk population checks. Grain moisture values were similar to the 16 non-Stiff Stalk 
selections and the early zone 8 commercial hybrid, Cargill 8011. 
Two BCIFI families of BS10 derivation were selected, both from the 
Pool 18/BS 10)BS 10 population. BS10 derived families were not highly selected because 
yield performance of BS10 derived families containing tropical Populations 21,24,28, and 
43 were lower compared with BS 10 x LH185. The two families selected from PoollSx 
BS10)BS10 had grain moisture values within 1% of BS10 x LH185 and flowered slightly 
earlier. 
Six selections were made from the BS 13 derived segregates; three from 
Pooll8/BS13)BS13, two from Pop49/BSl3)BSl3, and one from Pop43/BS13)BS13. 
Several otherwise high yielding BS13 families were not included because of poor root 
lodging resistance. The selection of the relatively lower yielding family from 
Pop43/BS13)BSl3 was an attempt to retain at least one selection related to Population 43 in 
the Stiff Stalk related group. The three Pool 18 related families had the least grain moisture 
of these six selections, ranging from 0.6 to 2.3% more grain moisture than the population 
check, LH185 x BS13. 
BSSS related backcross families performed either comparable or usually better 
compared with the key population checks, resulting in selection of 12 BCIFI families. The 
top yielding hybrid of the 20 selected Stiff Stalk oriented selections was 
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Pop24/BSSS)BSSS-8 x LH185 at 82.5 q ha'1. The 12 BSSS selections, as a group, had 
significantly higher test weights than BSSS x LH185, suggesting that measurable and 
desirable alleles to improve grain hardness were transferred. 
The non-Stiff Stalk group had higher test weights as a group compared with the Stiff 
Stalk materials. Though these materials were testcrossed with two different testers, it is 
likely that the preponderance of the flint kernel type of the non-Tuxpefio donor materials 
contributed to this difference in test weight 
The moisture percentage of commercial check hybrids of known maturity zones is 
helpful for maturity classification of the selected testcrossed backcross families. The check 
hybrid, Cargill 8011, is an early zone 8 maturing hybrid while Cargill 7770 is a late zone 7 
maturity. The key genetic check hybrid, LH198 x LH185, is typically on the border of 
zones 6 and 7 and is considered a medium maturing hybrid for central Iowa. Since the 
moisture percentages of Cargill 8011 and the averaged selected Stiff Stalk and non-Stiff 
Stalk hybrids were 24.3%, maturity zone classification would place them as early zone 8. 
The percent composition of the non-StiffStalk and Stiff Stalk oriented selections 
from the testcross experiment based on pedigree is given in Table 24. As expected BSCBl 
contributes a larger percentage to the non-StiffStalk selections (37.5%) and BSSS a larger 
share to the Stiff Stalk selections (45.0%). On the tropical side, Pool 17 and Pool 18 
contributed more to the final composition of the selections at 9.4 and 10.0%, 
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Table 24. Percent composition by population based on pedigrees of non-Stiff Stalk and 
Stiff Stalk oriented BCIFI maize families* selected from the testcross 
experiment conducted in 1999 
Non-Stiff Stalk oriented selections Stiff Stalk oriented selections 
Population Contribution, % Population Contribution, % 
BS11 28.1 BS10 7.5 
BS26 9.4 BS13 22.5 
BSCB1 37.5 BSSS 45.0 
POOL 17 9.4 POOL 18 10.0 
POP23 6.3 POP43 1.3 
POP25 3.1 POP49 5.0 
POP32 1.6 POP24 5.0 
POP27 4.7 POP28 3.8 
Total 100% Total 100% 
* Intermating by bulk entry method of selected BCIFI families is expected summer, 2001. 
respectively. The percentage of tropical materials in these selections based on pedigree is 
still 25%. Remnant seed of the selected BCIFI families was intennated the summer of 
2001 using the bulk entry method. Assuming all matings contribute equally (i.e., no 
assortive matings) and discounting the effect of selection, the expected composition of the 
two base populations should be expected to approximate the percentages given in Table 24. 
The selected hybrids performed well in this experiment and were similar to the 
population testcrosses for test weight, plant and ear heights, stalk and root lodging, and 
yield. Though days to mid-silk and mid-pollen of the selected hybrids were typically only 
one to two days later than the population checks, grain moisture ranged from 1.3 to 2.6% 
more. Visual inspection of families per se and in hybrid combination suggests that 
relatively tight, and often multi-layered husks, could contribute to moisture retention of the 
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ear. Though few selections produced hybrid yield greater than one L.S.D. of the respective 
recurrent population testcross, the majority out yielded the checks. 
Another positive result observed in the testcross study was the normal distribution 
of yield and moisture values (data not shown). Tropical materials evaluated in temperate 
North Carolina conditions displayed skewed grain yield and moisture distributions due 
primarily to photoperiod sensitivity (Goodman, 1985). There was concern prior to 
evaluation of these experiments that the tropical component present in the BCIFI families 
could hinder the efficient evaluation of yield in Iowa. 
It should be emphasized that these BCIFI families, being derived from very diverse 
(adapted x tropical) heterogeneous populations, would be expected to be more 
heterogeneous within a family as compared with backcross families derived in a similar 
manner from inbred crosses. Testcross evaluation of a heterogeneous family would 
represent the mean response of a collection of related but relatively diverse genotypes. 
Selfing and selection within heterogeneous families would likely produce lines with better 
combining ability. This is worthwhile noting if comparisons are made between single-cross 
hybrids and testcrosses of heterogeneous materials. 
Phenotypic correlations between entry means within non-Stiff Stalk and Stiff Stalk 
oriented materials for agronomic traits measured in the testcross experiment are shown in 
Table 25. Yield was not associated with grain moisture in the non-StiffStalk materials, but 
a significant negative association (-0.75) was observed in the Stiff Stalk materials, 
suggesting that later, potentially more tropical-like segregates, displayed reduced yield. 
Within the Stiff Stalk materials, negative trends also existed among correlations of days to 
Table 25. Correlations among trait means within maize heterotic pool orientation (non-Stiff Stalk above diagonal, Stiff Stalk 
below diagonal) for BCIFI families evaluated in the testcross experiment conducted in 1999 
Trait* Yield Grain Lodging, Dropped MS* MP* Height, Height, Test 
q ha"1 moisture Stalk Root ears plant ear weight 
% days cm kg ha"1 
Yield 0.06 -0.04 -0.29** -0.11 -0.17 -0.11 0.33** 0.13 0.25* 
Moisture -0.75** -0.26** 0.27** 0.06 0.42** 0.44** 0.11 0.12 0.02 
Stalk lodging -0.20* 0.13 -0.14 0.12 0.06 0.09 -0.05 -0.06 -0.34** 
Root lodging -0.29** 0.28** -0.03 0.07 0.28* 0.22* -0.03 0.06 0.02 
Dropped ears 0.05 -0.15 0.17 -0.15 -0.15 -0.14 -0.12 -0.05 -0.07 
Mid-silk -0.70** 0.77** 0.12 0.55** -0.15 0.83** 0.36** 0.41** -0.14 
Mid-pollen -0.56** 0.60** 0.23* 0.56** -0.15 0.81** 0.35** 0,41** -0.13 
Plant height -0.10 0.28** 0.24* 0.11 0.14 0.37** 0.35** 0.66** 0.09 
Ear height -0.37** 0.43** 0.28** 0.36** 0.01 0.57** 0.58** 0.59** -0.05 
Test weight -0,04 0.18 -0.13 0.26** -0.05 0.34** 0.28** 0.13 0.24** 
* BCIFI topcross evaluations for yield, grain moisture, percent stalk lodging, percent root lodging, and percent dropped ears were 
evaluated at seven locations in 1999. Days to mid-silk and mid-pollen evaluated at three locations. Plant and ear heights 
evaluated at two locations. Test weight evaluated at five locations. 
*,** Significantly different from zero at 0.05 and 0.01 probability levels. 
*Days to mid-silk and mid-pollen, respectively. 
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mid-silk, days to mid-pollen, and ear height with yield that were greater than those within 
the non-Stiff Stalk group. One explanation is that the later segregates include more tropical 
material and this affected the Stiff-Stalk oriented materials differently than the non-Stiff 
Stalk materials. Yield, however, was normally distributed within both heterotic groups, 
suggesting that evaluation could still be accomplished efficiently within both pools. Root 
lodging was negatively associated with yield in the non-Stiff Stalk materials while both 
stalk and root lodging were negatively associated with yield in the Stiff Stalk materials. 
This negative relationship is plausible because as more plants lodged, less harvestable yield 
would be available for machine harvest. 
The results of the testcross study indicate that backcross retrogression utilizing 
previously improved, heterotically aligned tropical populations can produce families of 
25% tropical derivation that may be efficiently evaluated in the central U.S. Com Belt and 
possess comparable performance to testcrosses of adapted populations. The previous 
improvement of the tropical donor materials by CIMMYT very likely contributed to 
enhanced agronomic performance of these backcross derivatives. Timely and successful 
access to the diverse and potentially productive genetic resources in tropical maize will be 
facilitated through the use of these materials. 
"One of the most important decisions a plant breeder makes is selection of 
germplasm " (Hallauer and Miranda, 1988) but "the best sources of exotic germplasm to use 
in temperate breeding programs...are still not known with certainty" (Kim, et al., 1988). 
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Association of population bulks with productivity of derived progenies 
The current study has utilized backcross introgression of previously selected tropical 
populations, stratified along established heterotic patterns, to increase the chance of 
developing BCIFI families from backcross populations that would combine well with elite 
inbred testers of the appropriate heterotic pool. Nonetheless, variability of these 
populations to produce desirable segregates in hybrid combination exists. For example, of 
seven families evaluated in hybrid combination from the population Pop27/BSl 1)BS11, 
none was selected while 2 of the 7 families from the population cross of 
Pooll7/BSl 1)BS11 were selected. Variability of this nature gives rise to the question, 
"Could the combining ability and performance of an array of backcross populations be 
predicted?" If this were the case, resources could be allocated to those populations having 
the best chance of producing outstanding segregates. 
In the current study, two kernels from each of the 27 BCIFI families were bulked 
for each of the 33 populations. The resulting 33 bulks were topcrossed in the appropriate 
isolation and evaluated in the testcross experiment along with 181 testcrossed families that 
had survived the initial indirect, per se evaluation. Averages for 31 populations and bulks 
are shown in Table 26 for nine agronomic traits. Two populations of the original 33 did not 
have any BCIFI families selected from the per se experiment and data from these 
corresponding bulks were not included. 
There is generally good agreement between the bulks and the populations across the 
agronomic traits. Generally, the bulk values for the agronomic traits reflect the 
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Table 26. Correlations and trait averages for bulks and BCIFI families of 31 backcross 
maize populations evaluated in the testcross experiment in 1999 
Population No? Yield % Grain % Stalk % Root 
testcross entries q ha"' moisture lodging lodging 
pop bulk pop bulk pop bulk pop bulk 
POOL17/BSll)-BSll x LH198 8 (2) 72.5 732 233 23.5 3.7 4.3 7.1 8.7 
POP23/BS11>BS11 x LH198 6 (2) 76.9 69.7 23.6 26.1 4.1 2.3 8.6 12.2 
POP25/BS11)-BS 11 x LH198 3 (1) 74.3 76.5 25.1 27.1 2.9 2.2 8.6 10.2 
POP27/BS11)-BS11 x LH198 7 72.7 74.9 24.6 24.8 3.0 5.0 7.6 5.2 
POP32/BS11>BS11 x LH198 3 (1) 75.7 72.3 24.7 24.8 2.9 3.4 9.7 6.7 
POOL17/BS26)-BS26 x LH198 5 (1) 76.3 73.9 24.3 24.5 3.2 3.7 7.8 8.1 
POP23/BS26)-BS26 x LH198 3 74.3 76.7 25.8 26.6 5.2 4.1 9.1 10.7 
POP25/BS26)-BS26 x LH198 2 74.3 73.0 25.6 27.0 3.3 3.6 7.4 5.7 
POP27/BS26>BS26 x LH198 3 (1) 80.1 76.1 24.8 26.5 5.1 3.7 6.9 5.5 
POOL 17/BSCBl)-BSCBlxLH 198 12 (3) 74.7 81.1 24.2 23.8 2.5 32 8.3 9.4 
POP23/BSCB1 >BSCB 1 x LH198 5 (2) 82.1 70.3 252 25.9 2.9 32 9.5 11.4 
POP25/BSCBl)-BSCBl x LH198 9 (1) 80.5 80.6 25.0 25.6 2.5 3.1 7.7 7.8 
POP27/BSCB1 )-BSCB 1 x LH198 9 (2) 81.6 79.6 25.6 26.5 2.2 0.6 9.0 5.4 
POP32/BSCBl)-BSCBl XLH198 6 76.4 69.2 26.0 24.9 2.0 2.1 9.6 9.8 
POOL18/BS10)-BS10 x LH185 7 (2) 75.3 72.0 23.9 22.7 2.7 2.6 8.8 9.9 
POP21/BS10)-BS10 x LH185 5 67.3 66.1 25.8 27.5 3.9 2.9 9.8 14.9 
POP24/BS10)-BS 10 x LH185 1 69.8 71.1 27.7 26.5 4.4 3.0 8.3 7.7 
POP28/BS10)-BS 10 x LH185 2 69.6 61.3 26.9 28.1 3.7 5.6 9.6 11.0 
POP49/BS 10)-BS 10 x LH185 5 64.7 64.3 26.4 26.2 4.5 2.8 10.0 13.4 
POOL18/BS13)-BS13 x LH185 10 (3) 76.6 712 23.9 24.4 1.8 1.8 7.4 5.7 
POP21/BS13)-BS13 x LH185 6 65.0 76.0 26.5 26.6 2.8 3.0 7.7 7.7 
POP24/BS13)-BS 13 x LH185 5 68.3 63.5 25.9 28.4 2.2 2.4 11.3 6.0 
POP28/BS13)-BS13 x LH185 3 68.6 73.4 25.6 25.0 1.9 2.9 7.2 10.9 
POP43/BS13)-BS 13 x LH185 5 (1) 66.3 72.2 27.0 26.6 2.4 2.8 6.8 9.2 
POP49/BS13)-BS13 x LH185 11 (2) 71.5 69.2 25.7 24.9 2.4 3.7 7.8 9.8 
POOL18/BSSS)-BSSS x LH185 8 (3) 76.8 76.5 23.7 23.7 2.4 3.7 5.6 4.2 
POP21 /BSSS)-BSSS x LH185 4 70.4 62.7 25.3 26.9 2.5 3.3 6.7 6.3 
POP24/BSSS)-BSSS x LH185 7 (4) 80.2 74.5 243 25.5 2.9 3.9 5.7 7.4 
POP28/BSSS)-BSSS x LH185 7 (3) 75.1 68.6 24.5 25.5 3.5 4.1 5.4 4.0 
POP43/BSSS)-BSSS x LH185 6 (2) 67.4 69.4 27.0 25.6 2.9 3.6 6.2 7.0 
POP49/BSSS)-BSSS x LH185 8 72.3 65.5 25.1 27.1 2.9 2.6 5.8 6.9 
Combined averages across pools 181 74.0 71.8 25.0 25.8 2.9 3.2 7.8 8.3 
Differences (Pop - Bulk) 2.28** -0. 73** -o.: 31* -0.55 
Contrast standard error 0.48 0 13 0. 15 0.39 
Correlation coefficient 0.50** 0.62** o.: 38* 0.53** 
*,** Differences significant at the 0.05 and 0.01 level of probability respectively. 
f Number of entries evaluated per population with #of entries selected per population in 
parenthesis. 
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Test 
MS* days MP days Ear height, cm Plant height, cm wt, kgha ' 
pop bulk pop bulk pop bulk pop bulk pop bulk 
72.1 71.0 70.9 70.3 121.2 112.0 254.4 248.4 76.1 76.3 
73.2 73.3 71.9 72.8 120.1 132.6 2562 267.5 76.5 76.8 
73.4 74.5 72.5 72.7 122.9 131.8 261.9 278.9 76.3 77.4 
73.5 73.7 72.4 72.8 126.9 131.8 2642 267.5 76.5 76.3 
73.9 72.8 72.1 71.8 122.4 1242 253.2 256.8 75.3 77.5 
71.5 71.8 702 70.3 117.8 118.1 253.9 253.7 76.2 76.7 
73.7 73.5 72.4 72.3 128.3 128.0 266.7 265.9 762 76.8 
73.0 73.2 71.8 72.0 122.3 129.5 251.8 260.6 75.9 75.9 
72.7 74.0 71.9 72.8 122.4 127.3 258.3 266.7 76J 76.3 
71.3 71J 702 70.5 117.4 112.0 251.7 255.3 76.7 76.1 
71.9 732 71.0 72.0 118.6 121.9 256.3 257.6 76.6 76.4 
72.4 72.3 71.1 72.0 117.7 115.8 258.1 2522 76.7 76.1 
72.5 72.5 71.7 71.3 124.7 125.0 261.5 259.1 76.8 76.5 
72.6 73.0 71.5 72.7 120.5 109.0 258.8 256.8 76.1 76.5 
70.6 70.7 69.7 70.5 107.1 105.9 237.7 237.7 742 742 
72.6 73.7 71.3 72.8 111.1 109.0 245.8 247.7 74.5 73.9 
73.8 72.0 72.7 71.3 118.1 1052 246.1 241.6 74.1 73.4 
72.8 72.8 71.3 71.5 115.1 112.8 244.6 241.6 75.3 73.7 
73.5 73.0 73.1 722 117.8 112.8 247.3 237.0 73.7 72.5 
70.3 70.7 69.1 69.5 101.8 108.2 232.7 239.3 74.7 73.1 
72.8 72.0 71.7 71.3 112.0 105.9 242.1 245.4 742 74.3 
72.2 72.2 70.9 70.5 107.0 109.0 236.4 240.8 75.3 74.6 
72.1 72.0 70.9 71.3 108.0 107.4 237.0 237.7 75.0 74.5 
72.9 71.7 72.0 70.8 109.7 115.1 238.8 250.7 752 74.3 
72.0 71.5 71.4 70.8 103.7 107.4 234.1 237.0 74.4 73.7 
70.2 70.3 69.5 69.8 103.2 109.7 245.3 244.6 73.3 73.4 
71.8 72.3 71.1 71.7 107.3 109.7 248.4 246.9 73.4 74.6 
71.1 71.5 70.3 70.5 105.4 105.9 246.7 242.3 73.6 72.7 
71.7 72.7 70.9 71.5 111.7 1052 250.4 2492 73.3 71.5 
72.6 732 71.7 72.0 116.8 114 J 253.5 256.0 73.3 73.4 
71.7 72.8 71.0 72.0 108.8 110.5 243.1 257.6 74.1 742 
72.1 72.4 71.1 71.5 114.0 115.7 248.9 251.6 75.2 75.0 
-0.36* -0.42** -1.27 -2.70* 0.20 
0.12 0.11 0.95 0.99 0.18 
0.72** 0.73** 0.77** 0.82** 0.86** 
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population values. Correlations between the bulks and the BCIFI families for the 31 
population crosses will give an indication of the association of any linear relationships that 
exist. These correlations are found at the bottom of Table 26. 
The correlation coefficient for yield of bulk testcrosses and of BCIFI families 
across the 31 populations was 0.50. This is encouraging and suggests that backcross 
populations not likely to produce higher yielding progeny could be identified by lower 
yields of the respective bulk testcrosses. Moderate to high significant correlations were 
also observed for grain moisture (0.62), root lodging (0.53), days to mid-silk (0.72) and 
days to mid-pollen (0.73), plant (0.82) and ear (0.77) heights, and test weight (0.86). 
These data suggest that populations most likely to produce taller, wetter, later flowering, 
and greater test weight testcrossed progenies could be identified using bulk testcrosses. The 
solitary use of yield information from testcrossed bulks is an attempt to select the better 
populations, rather than not to select the bottom performing populations, would be 
unwarranted, based on the results of this study. 
Melchinger, et al. (1998) derived 10 random F3 progenies from each of 36 different 
temperate adapted populations and evaluated two random plants from each F3 in hybrid 
combination along with topcrosses of all parental lines and population F1 's. Correlations 
between the average of the testcrossed parents with the average of the 20 testcrossed 
progeny for grain yield and dry matter content across the 36 populations were 0.73 and 
0.81, respectively. It was concluded that the testcross means of segregating generations 
derived from F1 crosses can be predicted fairly accurately from the average testcross 
performance of their parents. 
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The correlation coefficient of 0.50 obtained in the current study for yield may have 
been lower due to the use of progenies previously selected on a per se basis rather than 
randomly chosen as by Melchinger, et al. (1998). It is likely that the populations in the 
current study responded differentially to per se selection. Also, the genetic variation within 
a population of selected BCIFI families will be lower compared with a population of 
randomly selected families. Both of these factors could reduce the correlation of testcrosses 
of bulked populations with the average testcross performance of their derived, per se 
selected progenies. However, because per se selection is almost always accomplished prior 
to yield testing within populations of tropical parentage, the use of progenies screened 
per se is more similar to the system a breeder may encounter in practice. 
The testcrossing of populations is not a standard commercial breeding practice. In 
addition to the extra time required, there is generally adequate combining ability 
information already available on a range of inbred tester combinations, allowing 
satisfactory formation of populations tailored to a specific tester or group of testers. This is 
not the case for populations containing tropical or semi-tropical parentage. The luxury of 
evaluating the combining ability of 100% tropical populations or inbreds in temperate 
environment is simply not available. Excessive grain moisture retention, photoperiod 
sensitivity, and standability problems may serve to mask the expression of any favorable 
combining ability alleles that may be present In the present study, testcross evaluation of 
bulked samples from backcross populations containing 25% tropical material could be used 
to identify those populations that have a poorer chance of producing high yielding, 
agronomically acceptable segregating hybrid progenies. This method could allow 
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populations with potentially poor potential to be discarded, allowing more resources for 
more promising candidates. 
Efficiency of per se selection 
The per se and testcross experiments have represented two stages of selection of 
backcross derived families containing 25% previously improved tropical germplasm and 
75% elite adapted populations evaluated in the central U.S. Com Belt The initial 
evaluation stage screened 891 backcross progenies for yield and agronomic performance on 
a per se basis resulting in 181 selected families. In the second stage, these 181 families 
were evaluated in hybrid combination with an appropriate inbred tester. Since hybrids are 
the primary unit of sale and evaluation in the U.S. Corn Belt, per se evaluations serve as a 
form of indirect selection for performance in hybrids. 
One particular question regarding this two-stage system centers on the effectiveness 
of the indirect screen. It would not have been feasible to measure or rate all 891 BCIFI 
families per se and then testcross all 891 BCIFI families and correlate the data. Instead, 
two kernels from each of the 27 BCIFI families were bulked from each of the 33 
populations. The resulting 33 bulks were topcrossed in the appropriate isolation and 
evaluated in the testcross experiment along with 181 topcrossed families that had survived 
the initial indirect, per se evaluation. If the per se selection effort had been effective to 
isolate from among the original 27 BCIFI families those with better performance in hybrid 
combination, they should collectively outperform the corresponding bulk in the testcross 
experiment 
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Bulk testcrosses are compared with average values for the corresponding BC1F1 
families for non-Stiff Stalk and Stiff Stalk oriented populations in Tables 27 and 28. 
Weighted averages, based on the number of entries per population, were calculated across 
the populations and bulks for the two heterotic groups and across all populations. 
Differences between weighted averages of bulk and BCIFI testcrosses across 14 non-Stiff 
Stalk and 17 Stiff Stalk populations for six agronomic traits revealed significant differences 
for yield, grain moisture and days to mid-pollen in the desired direction within both 
heterotic groups and non-significant effects for root lodging and dropped ears. Stalk 
lodging differences were significant for the Stiff Stalk oriented crosses and in the combined 
data but not in the non-Stiff Stalk oriented group. These results are likely due to the higher 
selection pressure applied on yield and grain moisture during the per se evaluation in 
combination with good expression for these traits in the testcross experiment. Though 
selection pressure for fewer days to mid-pollen was not as great as for grain moisture 
during the per se evaluation, the significant differences between bulks and BCIFI families 
are likely due to the moderately high correlation between these traits. Although root 
lodging displayed good expression in the testcross experiment, pressure for root lodging in 
the per se experiment was very low. Little opportunity, therefore, existed in the per se 
experiment for selection for reduced root lodging. This is a likely explanation why no 
differences were detected between bulks and BCIFI families in the testcross experiment 
even though expression of root lodging was high. Expression of stalk lodging in the per se 
and testcross experiments had the opposite expression pattern of root lodging. Stalk 
lodging was extensive in the per se experiment with relatively lower expression in the 
Table 27. Trait averages for bulks and BCIFI families of 14 non-Stiff Stalk oriented backcross maize populations evaluated in 
the testcross experiment in 1999 
_ , . v t Yield % Grain % Stalk %Root Dropped Days to 
opu a ion o. qha"1 moisture lodging lodging ears, % mid-pollen 
,cstcross Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk 
POOL17/BS11)-BS11 x LH198 8 72.5 73.2 23.3 23.5 3.7 4.3 7.1 8.7 0.1 0.0 70.9 70.3 
POP23/BS11)-BS11 x LH198 6 76.9 69.7 23.6 26.1 4.1 2.3 8.6 12.2 0.2 0.0 71.9 72.8 
P0P25/BS11)-BS11 x LH198 3 74.3 76.5 25.1 27.1 2.9 2.2 8.6 10.2 0.2 0.0 72.5 72.7 
POP27/BS11)-BS11 x LH198 7 72.7 74.9 24.6 24.8 3.0 5.0 7.6 5.2 0.1 0.2 72.4 72.8 
POP32/BS11)-BS11 x LH198 3 75.7 72.3 24.7 24.8 2.9 3.4 9.7 6.7 0.1 0.2 72.1 71.8 
POOL 17/BS26)-BS26 x LH198 5 76.3 73.9 24.3 24.5 3.2 3.7 7.8 8.1 0.3 0.1 70.2 70.3 
POP23ZBS26)-BS26 x LH198 3 74.3 76.7 25.8 26.6 5.2 4.1 9.1 10.7 0.1 0.2 72.4 72.3 
POP25/BS26)-BS26 x LH198 2 74.3 73.0 25.6 27.0 3.3 3.6 7.4 5.7 0.2 0.2 71.8 72.0 
POP27/BS26)-BS26 x LH198 3 80.1 76.1 24.8 26.5 5.1 3.7 6.9 5.5 0.1 0.1 71.9 72.8 
POOL 17/BSCBI )-BSCB 1 x LHI98 12 74.7 81.1 24.2 23.8 2.5 3.2 8.3 9.4 0.1 0.0 70.2 70.5 
POP23/BSCB1 )-BSCB 1 x LH198 5 82.1 70.3 25.2 25.9 2.9 3.2 9.5 11.4 0.1 0.0 71.0 72.0 
POP25/BSCB1 )-BSCB 1 x LH198 9 80.5 80.6 25.0 25.6 2.5 3.1 7.7 7.8 0.0 0.0 71.1 72.0 
POP27/BSCB1VBSCB1 x LH198 9 81.6 79.6 25.6 26.5 2.2 0.6 9.0 5.4 0.1 0.4 71.7 71.3 
P0P32/BSCB1)-BSCB1 XLH198 6 76.4 69.2 26.0 24.9 2.0 2.1 9.6 9.8 0.1 0.1 71.5 72.7 
Weighted averages 81 76.8 74.8 24.7 25.5 3.0 3.2 8.3 8.3 0.1 0.1 71.3 71.9 
Differences (pop - bulk) 1.98* -0.81 •• -0.15 -0.04 0.0 -0.55** 
Change of BCIFI 2.64 -3.2 -0.76 
families over bulks, % 
Standard error of difference 0.71 0.19 0.22 0.61 0.04 0.16 
V* Differences significant at the 0.05 and 0.01 level of probability respectively. 
t Number of entries evaluated per population. 
Table 28. Trait averages for bulks and BCIFI families of 17 Stiff Stalk oriented backcross maize populations evaluated in the 
testcross experiment in 1999 
Population No.* Yield % Grain % Stalk %Root Dropped Days to 
testcross qha'1 moisture lodging lodging ears mid-pollen 
Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk 
POOL18/BS10)-BS10x LH185 7 75.3 72.0 23.9 22.7 2.7 2.6 8.8 9.9 0.1 0.0 69.7 70.5 
POP21/BS10)-BS10x LH185 5 67.3 66.1 25.8 27.5 3.9 2.9 9.8 14.9 0.2 0.4 71.3 72.8 
POP24/BS10)-BS 10 x LH185 1 69.8 71.1 27.7 26.5 4.4 3.0 8.3 7,7 0.0 0.2 72.7 71.3 
POP28/BS10)-BS 10 x LH185 2 69.6 61.3 26.9 28.1 3.7 5.6 9.6 11.0 0.2 0.6 71.3 71.5 
POP49/BS10)-BS10x LH185 5 64.7 64.3 26.4 26.2 4.5 2.8 10.0 13.4 0.3 0.0 73.1 72.2 
POOL18/BS13)-BS13 x LH185 10 76.6 71.2 23.9 24.4 1.8 1.8 7.4 5.7 0.1 0.1 69.1 69.5 
POP21/BS13)-BS13 x LH18S 6 65.0 76.0 26.5 26.6 2.8 3.0 7.7 7.7 0.2 0.0 71.7 71.3 
POP24/BS13)-BS13 x LH185 5 68.3 63.5 25.9 28.4 2.2 2.4 11.3 6.0 0.1 0.1 70.9 70.5 
POP28/BS13)-BS13 x LH185 3 68.6 73.4 25.6 25.0 1.9 2.9 7.2 10.9 0.0 0.6 70.9 71.3 
POP43/BS13)-BS 13 x LH185 5 66.3 72.2 27.0 26.6 2.4 2.8 6.8 9.2 0.3 0.1 72.0 70.8 
POP49/BS13)-BS 13 x LH185 11 71.5 69.2 25.7 24.9 2.4 3.7 7.8 9.8 0.0 0.2 71.4 70.8 
POOL 18/BSSS)-BSSS x LH185 8 76.8 76.5 23.7 23.7 2.4 3.7 5.6 4.2 0.3 0.1 69.5 69.8 
POP21/BSSS)-BSSS x LH185 4 70.4 62.7 25.3 26.9 2.5 3.3 6.7 6.3 0.2 0.2 71.1 71.7 
P0P24/BSSS)-BSSS x LH185 7 80.2 74.5 24.3 25.5 2.9 3.9 5.7 7.4 0.3 0.1 70.3 70.5 
P0P28/BSSS)-BSSS x LH185 7 75.1 68.6 24.5 25.5 3.5 4.1 5.4 4.0 0.2 0.0 70.9 71.5 
POP43/BSSS)-BSSS x LH185 6 67.4 69.4 27.0 25.6 2.9 3.6 6.2 7.0 0.3 0.7 71.7 72.0 
POP49/BSSS)-BSSS x LH185 8 72.3 65.5 25.1 27.1 2.9 2.6 5.8 6.9 0.2 0.6 71.0 72.0 
*,** Differences significant at the 0.05 and 0.01 level of probability respectively. 
* Number of entries evaluated per population. 
Table 28. (continued) 
Population 
testcross 
No.f Yield 
qha'1 
% Grain 
moisture 
% Stalk 
lodging 
%Root 
lodging 
Dropped 
ears 
Days to 
mid-pollen 
Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk Pop Bulk 
Weighted averages 100 71.8 69.3 25.3 25.9 2.8 3.2 7.4 8.4 0.2 0.2 70.9 71.2 
Differences (pop - bulk) 2.57** 0.67** -0.44* -0.96 -0.06 -0.31* 
Change of BC1F1 families over bulks, % 3.7 -2.6 -13.8 -0.4 
standard error of difference 0.64 0.17 0.20 0.55 0.04 0.15 
combined averages across pools 181 74.0 71.8 25.0 25.8 2.9 3.2 7.8 8.3 0.2 0.2 71.1 71.5 
differences (BCIFI families - bulk) 2.28** -0.73** -0.31* -0.55 -0.03 -0.42** 
% change of BCIFI families over bulks 3.2 -2.8 -9.7 -0.6 
standard error of overall difference 0.48 0.13 0.15 0.41 0.03 0.11 
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testcross experiment. This may be why detection of reduced stalk lodging among the per se 
selected BCIFI families compared with the bulks was not present in the non-Stiff Stalk 
oriented materials. Small, but significant differences, were observed, however, in the Stiff 
Stalk oriented materials and in the combined data. 
Differences between bulks and BCIFI families for yield, moisture, stalk lodging 
and days to mid-pollen across both heterotic groups were 2.28 q ha"1, -0.73%, -0.31% and 
-0.42 days, respectively (see bottom of Table 27). These differences were statistically 
significant and suggest that indirect selection pressure applied to backcross families per se 
affected performance in hybrid combination. 
In order to understand the usefulness of these differences between per se and 
testcross data, it is helpful to discuss them in the context of the per se experiment. For 
example, average yield of the 181 selected BCIFI families in the per se study (Table 15) 
was 54.0 q ha"1, a 7.9 q ha"1 difference (+17.1%) over the entire population of BCIFI 
families. The difference between testcrossed bulks and BCIFI families for yield was 2.28 
q ha"1, a 3.2% increase. The ratio between these two differences (or 2.28 / 7.9), equals 0.29. 
This ratio expresses the efficiency of indirect per se selection of BCIFI families in one year 
on testcross performance of selected families in another year. The ratio may be considered 
a parallel form of realized heritability but not in the classical sense because no 
recombination occurred between selected BCIFI families. 
The ratio (0.29) may be subject to bias due to changes in magnitude between per se 
and testcross types, which could occur even if both experiments had been conducted in the 
same environments. A similar expression of efficiency may be calculated from the ratio of 
the percent difference of the BCIFI families to the bulks with percent difference in the 
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per se experiment For example, in Table 27, testcrossed BCIFI families averaged 
71.8 q ha'1 overall, a 3.2% increase over the bulk testcrosses. From Table 15, the yield of 
the selected BCIFI families from the per se experiment was 17.1% greater than the 
population of all families. The ratio of these two percentage increases (3.2 /17.1) equals 
0.19. Similar ratios calculated for grain moisture, stalk lodging, and days to mid-pollen in 
the combined data were 0.62,0.26, and 0.50, respectively. The higher ratio for grain 
moisture is likely due to the higher heritability of grain moisture in relation to yield and 
stalk lodging. Practically, a ratio of 0.62 for moisture compared with 0.19 for yield 
suggests that indirect selection on a per se basis for grain moisture will be more efficient 
than indirect per se selection for yield. 
Per se selection efficiency for the non-Stiff Stalk oriented materials for yield, grain 
moisture, and days to mid-pollen was 12.4,78.0 and 58.5%, respectively. In the Stiff Stalk 
oriented materials per se selection efficiency for yield, grain moisture, percent stalk 
lodging, and days to mid-pollen was 26.4,49.1, 55.2 and 40.0%, respectively. Indirect 
response of per se selection for yield was greater in the Stiff Stalk materials compared with 
the non-Stiff Stalk materials. 
A study of visual per se selection among U.S. Corn Belt materials by Clucas and 
Hallauer (1986) determined that many desirable genotypes in testcross combination would 
be discarded using intense per se selection. Visual selection should be used to discard 
undesirable genotypes prior to hybrid yield testing rather than applying intense per se 
selection pressure. The current study was accomplished using machine generated yield and 
grain moisture data on replicated tropical derived BCIFI progenies and suggests a 
relatively low efficiency of indirect selection for hybrid yield using per se yield selection in 
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a previous year. If higher per se yields are deemed necessary, selection for increased per se 
yield in this material would not reduce yields in hybrids. If, however, the per se yield of a 
particular BCIFI family met a satisfactory level, then more selection priority could be 
placed on per se grain moisture percentages and (lowering dates to continue the process of 
adapting these materials to the temperate environment. 
In the current study, the percentage yield advantage of per se selected testcrossed 
BCIFI families over the testcrosses of bulks of all families was low compared with the 
previous gain observed for per se yield. In contrast, indirect selection for hybrid 
performance using per se evaluation for grain moisture and days to mid-pollen was good. It 
is likely that elite testers masked some of the gains from indirect selection in the same 
manner that a later maturing tester would have likely masked more of the indirect selection 
for days to mid-pollen and grain moisture. 
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CONCLUSIONS 
Backcrossing was used to introgress previously improved tropical germplasm from 
the Tuxpeflo and non-Tuxpeflo tropical heterotic groups into elite temperate populations 
representing the Stiff Stalk and non-Stiff Stalk U.S. Corn Belt heterotic groups. Backcross 
families were evaluated and selected in two stages. Families selected per se for increased 
grain yield and reduced grain moisture and stalk lodging were then evaluated in testcross 
combination using an elite, locally adapted inbred tester of the opposing heterotic pattern. 
Perse evaluation of 891 backcross families derived from 33 different crosses 
compared with respective F1 crosses indicated 25% tropical germplasm to be the preferred 
starting point to initiate selection. Grain yield of the backcross families was usually at least 
equal to and, in some cases, greater than the Fl. Grain moisture and days to mid-pollen of 
backcross families was intermediate between the adapted recurrent parent populations and 
the Fl crosses, which often displayed higher moisture levels. 
The incorporation of 25% tropical germplasm into BSCBl, BS13, and BSSS 
resulted in measurable improvement of per se grain yield and did not adversely affect 
standability in any of the crosses. Grain moisture and days to mid-pollen for backcross 
families, however, were usually significantly later than the adapted parent population. 
The exceptions to higher grain moisture and later flowering dates of backcross 
derived progenies were due primarily to the tropical donor populations, Pool 17 and Pool 
18, from CIMMYT. Previous selection among these populations in tropical environments 
for earliness likely resulted in lower grain moisture and earlier flowering dates observed 
among their backcross derived families per se and in hybrid combination. 
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BC1F1 families selected from each heterotic group on a per se basis were evaluated 
in testcross combination with an elite inbred tester from the opposite heterotic pool. 
Multiple trait selection was used to select hybrids from both heterotic groups possessing 
similar, and, in a few instances, greater yields compared with testcrosses of the adapted 
recurrent parent population. Stalk and root lodging of selected hybrids was also similar to 
testcrosses of the adapted parents and the commercial check, LH198 x LH185. Harvest 
grain moisture of selected hybrids was greater and similar to the respective check hybrids 
and on average could be classified as early zone 8 in maturity. 
The indirect effect of per se selection on testcrosses was evaluated by comparing the 
testcrosses of bulked unselected backcross populations with the average testcross 
performance of backcross families previously screened per se. Indirect selection for 
increased grain yield, lower grain moisture, and reduced stalk lodging on a per se basis 
resulted in increased yield and small, but significant, reductions in grain moisture, stalk 
lodging, and days to mid-pollen among testcrossed backcross families. The efficiency of 
these gains relative to those made per se were 0.19 for yield, 0.62 for grain moisture, 0.26 
for stalk lodging, and 0.50 for days to mid-pollen. 
Correlations between bulked population testcrosses with the testcross means of their 
derived backcross progenies were 0.50,0.62,0.73,0.82 and 0.86 for yield, grain moisture, 
days to mid-pollen, plant height, and test weight, respectively. Testcross evaluation of 
bulked backcross populations containing 25% tropical material could be used to discard 
populations least likely to produce higher yielding, agronomically acceptable hybrid 
progenies. 
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Evaluation of progenies derived from backcross introgression of previously 
improved tropical germplasm can be conducted in the central U.S. Com Belt without 
excessive grain moisture that could disrupt efficient evaluation for yield. The use of 
previously improved, heterotically aligned exotic germplasm is likely very advantageous 
for successful and timely access to the diverse and productive genetic resources in tropical 
maize. 
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APPENDIX. ENTRY MEANS TABLES 
107 
Table Al. Mean values for yield and six agronomic traits for the 100 selected Stiff Stalk BCIFI maize 
families evaluated in the per se study conducted near Ames, Iowa, in 1997 
Entry Pedigree Yield Grain Stalk Root Dropped Days to 
qha"1 moisture lodging lodging ears Stand mid-polle 
% 
4 POP2lxBSlO)C-4 56.8 22.1 21.9 0.0 3.2 100.0 83.0 
5 POP2IxBSlO)C-5 59.9 25.5 9.4 0.0 3.2 100.0 82.5 
7 POP21 xBS l0)C-7 64.6 24.6 21.9 0.0 0.0 100.0 83.0 
8 POP21 xBS l0)C-8 55.9 25.2 34.4 0.0 0.0 100.0 86.5 
25 P(>P21xBS10)C-25 53.1 23.1 12 0.0 0.0 93.8 83.0 
33 POP21xBSSS)C-3 54.5 22.5 0.0 0.0 0.0 100.0 80.5 
37 POP2lxBSSS)C-7 53.0 25J 13.4 0.0 0.0 96.9 82.5 
38 POP21 xBSSS)C-8 49.4 24.8 32 0.0 0.0 100.0 81.5 
46 POP21xBSSS)C-16 49.9 25.0 0.0 0.0 0.0 96.9 80.5 
62 POP21xBS13)C-2 63.4 22.9 6.3 0.0 0.0 100.0 82.0 
70 POP2lxBSl3)C-lO 62.6 23.0 63 0.0 3.2 93.8 82.0 
75 POP2lxBSl3)C-l5 64.7 24.7 20.0 0.0 0.0 93.8 83.0 
82 POP2lxBSl3)C-22 61.2 23.9 17.4 0.0 0.0 90.6 83.5 
83 POP21xBSl3)C-23 58.5 24.5 9.4 0.0 3.2 100.0 82.5 
85 POP2lxBSl3)C-25 55.1 24.4 9.4 0.0 0.0 100.0 82.5 
91 POP49xBS 10)C-1 58.2 24.4 3 2 0.0 0.0 96.9 82.5 
103 POP49xBS 10X3-13 58.3 23.4 21.9 0.0 0.0 100.0 82.0 
105 POP49xBS 10)C-15 63.1 23.0 18.8 0.0 3.2 100.0 82.5 
112 POP49xBS lO)C-22 60.3 24.8 13.4 0.0 9.8 93.8 83.0 
114 POP49xBS l0)C-24 61.9 25.7 12.5 0.0 3.2 100.0 83.0 
127 POP49xBSSS)C-7 47.9 19.0 12.5 0.0 3.2 100.0 79.5 
130 POP49xBSSS)C-10 50.7 22.6 12.5 0.0 0.0 96.9 82.5 
132 POP49xBSSS)C-12 55.5 21.0 3.2 0.0 32 100.0 81.5 
134 POP49xBSSS)C-l4 51.8 22.6 9.6 0.0 0.0 96.9 80J 
135 POP49xBSSS)C-lS 60.9 24.6 6.7 3.2 16.5 96.9 83.5 
136 POP49xBSSS)C.16 53.1 23.7 12.5 0.0 6.3 100.0 82.0 
137 POP49xBSSS)C-l7 50.7 193 0.0 0.0 0.0 93.8 80.5 
140 PQP49xBSSS)C-20 52.5 22.2 6.7 0.0 0.0 96.9 80.0 
152 POP49xBS13)C-2 61.5 25.5 9.4 0.0 0.0 100.0 82.5 
153 POP49xBS13)C-3 55.7 24.8 6.3 0.0 0.0 100.0 81.0 
154 POP49xBS13)C-4 683 22.1 6.7 0.0 0.0 96.9 81.0 
159 POP49xBS13)C-9 54.7 22.2 3.4 0.0 6.7 96.9 82.0 
160 POP49xBSl3)C-tO 61.1 25.2 13.4 0.0 3.4 96.9 82.5 
164 POP49xBSl3)C-l4 57.6 24.3 18.8 0.0 0.0 100.0 81.5 
169 POP49xBS13)C-19 60.8 25.4 L3.4 0.0 0.0 93.8 81.5 
171 POP49xBSl3X:-21 583 24.1 6.3 0.0 0.0 100.0 82.0 
172 POP49xBS 13 )C-22 52.8 22.9 6.3 0.0 0.0 100.0 82.5 
174 POP49xBS 13 )C-24 54.8 24.0 6.7 0.0 0.0 93.8 83.0 
177 POP49xBS13)C-27 59.0 25.0 15.7 0.0 0.0 100.0 82.5 
211 POP43xBSSS)C-l 51.3 25.0 3.2 0.0 63 100.0 82.5 
213 POP43 xBSSS)C-3 57.7 25.6 9.4 0.0 0.0 100.0 82.0 
217 POP43 xBSSS)C-7 61.6 24.9 0.0 0.0 3.2 100.0 82.0 
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Table Al. (continued) 
Entry Pedigree Yield 
qba"1 
Grain 
moisture 
Stalk 
lodging 
Root 
lodging 
% 
Dropped 
cars Stand 
Days to 
mid-pollen 
495 POOLl8xBSSS)C-l5 53.9 21.2 9.4 0.0 0.0 100.0 79.0 
496 POOL 18xBSSS)C-16 54.2 22.8 0.0 0.0 0.0 96.9 80.5 
498 POOLl8xBSSS)C-l8 57J 20.5 10.7 0.0 3.2 93.8 77.0 
500 POOL 18xBSSS)C-20 53.5 19.6 15.7 0.0 0.0 100.0 79.0 
503 POOL 18xBSSS)C-23 53.1 19.1 9.4 0.0 6J 100.0 78.5 
512 POOL18xBSl3)C-2 57.3 20.6 9.4 0.0 0.0 96.9 78.0 
513 POOL18xBS13)C-3 57.3 21.6 3.9 3.2 0.0 90.6 78.5 
517 POOL18xBS13)C-7 67.8 22.8 6.3 0.0 0.0 96.9 80.0 
521 POOL18xBS13)C-l 1 59.2 20.9 6J 0.0 0.0 100.0 77.5 
522 POOLl8xBSl3)C-12 64.8 21.4 12.6 0.0 0.0 100.0 79.0 
523 POOLl8xBS13)C-13 61.7 23.2 6J 0.0 0.0 100.0 78.5 
524 POOL18xBSl3)C-l4 56.6 20.6 16.1 0.0 0.0 96.9 77.0 
528 POOL18xBSl3)C-l8 54.6 20.4 10.3 0.0 0.0 93.8 79.0 
529 POOL18xBS13)C-l9 60.1 21.6 9.4 0.0 0.0 96.9 77.0 
534 POOL 18xBS 13)C-24 59.2 24.7 13.2 0.0 3.4 96.9 80.0 
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Table A2. Mean values for yield and six agronomic traits for the 81 selected non-Stiff Stalk BCIFI maize 
families evaluated in the per se study conducted near Ames, Iowa, in 1997 
Entry Pedigree Yield 
q ha"1 
Grain 
moisture 
Stalk 
lodging 
Root 
lodging 
Dropped 
ears Stand 
Days to 
mid-polle 
% 
541 POP23xBSll)C-l 56.7 24.3 12.5 0.0 0.0 100.0 81.5 
547 POP23xBSll)C-7 60.2 23.2 19.2 0.0 3.2 96.9 81.0 
550 POP23xBSll)C-lO 59.6 24.2 9.4 0.0 3.2 100.0 80.0 
551 POP23xBSl 1X3-11 50.4 21.6 18.8 0.0 0.0 100.0 81.0 
554 POP23xBS 11X3-14 51.8 243 19.4 0.0 3.4 96.9 81.5 
555 POP23xBSllXM5 53.0 24.4 63 0.0 3.9 90.6 81.0 
578 POP23xBSCB 1X3-8 42.7 20.2 0.0 0.0 0.0 93.8 79.0 
589 POP23xBSCB IX3-19 56.5 25.4 3.2 0.0 0.0 100.0 80.5 
590 POP2 3 xBSCB 1X^-20 45.9 21.3 3.2 0.0 0.0 100.0 79.5 
592 POP23xBSCB I X3-22 54.5 21.2 6.3 0.0 0.0 100.0 80.0 
596 POP23xBSCB IX3-26 48.0 21.3 3.6 6.3 0.0 93.8 79.0 
608 POP23xBS26X3-8 40.4 24.5 10.7 0.0 4.2 81.3 81.0 
614 POP23xBS26X:-l4 42.9 22.2 12.5 3.2 3.2 100.0 82.0 
626 POP23xBS26X3-26 42.1 22.8 29.0 0.0 3.2 96.9 81.0 
633 POP25xBS 11X^-3 57.7 24.7 18.8 3.2 0.0 93.8 83.0 
645 POP25xBSHX: 15 50.6 25.0 22.1 0.0 3.2 96.9 81.0 
653 POP25xBS 11 X3-23 53.2 25.2 23.7 0.0 0.0 93.8 84.0 
661 POP25xBSCB 1 X^-l 47.9 23.6 19.6 3.2 0.0 96.9 82.5 
666 POP25xBSCB 1X3-6 41.4 22.7 0.0 0.0 0.0 96.9 80.0 
669 POP25XBSCBIX:-9 46.0 22.2 21.9 3.2 0.0 100.0 80.0 
672 POP25XBSCB1X:-12 50.8 24.8 9.4 0.0 0.0 100.0 81.5 
674 POP25xBSCBlX: 14 44.9 21.4 9.8 3.2 0.0 96.9 79.5 
679 POP25xBSCB IX^-19 46.5 23.7 0.0 0.0 0.0 96.9 82.0 
683 POP25xBSCB 1X3-23 57.9 24.5 9.4 0.0 0.0 100.0 82.5 
684 POP25xBSCB 1X3-24 47.9 22.7 9.4 0.0 0.0 100.0 81.5 
687 POP25xBSCB 1X3-27 47.4 23.4 9.4 0.0 0.0 100.0 79.1 
698 POP25xBS26])C-8 41.6 23.8 12.6 0.0 3.2 100.0 80.0 
714 POP25xBS26])C-24 39.7 24.5 12.6 0.0 6.3 100.0 80.5 
724 POP32xBS 11X3-4 55.6 23.8 18.8 6.3 0.0 100.0 83.5 
727 POP32xBS 11X3-7 52.3 22.5 9.4 3.2 3.2 100.0 80.5 
744 POP32xBS 11X3-24 59.6 23.3 15.7 0.0 0.0 100.0 82.0 
754 POP32xBSCB 1X3-4 49.9 24.0 15.7 0.0 3.2 100.0 82.0 
757 POP32xBSCB 1X3-7 58.7 24.4 6.5 3.2 0.0 96.9 82.0 
761 POP32xBSCBlX:-ll 56.9 233 9.4 0.0 3.2 100.0 82.5 
767 POP32XBSCB1X3-17 51.8 22.2 12.9 0.0 0.0 96.9 78.5 
770 POP32XBSCB 1X3-20 47.4 233 0.0 0.0 0.0 100.0 80.0 
773 POP32xBSCB 1X3-23 45.5 23.2 0.0 0.0 3.2 100.0 81.0 
812 POP27xBSllX3-2 50.2 22.2 16.6 0.0 0.0 93.8 83.0 
816 POP27xBS 11X3-6 60.5 23.9 19.2 0.0 3.4 96.9 84.0 
820 POP27xBSl 1X^-10 56.2 25.9 12.8 0.0 3.4 96.9 81.5 
823 POP27xBSl 1X3-13 49.7 243 16.5 0.0 0.0 96.9 84.0 
825 POP27xBSllX:-l5 50.8 22.9 9.4 3.2 0.0 100.0 82.5 
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Table A2. (continued) 
Entry Pedigree Yield Grain Stalk Root Dropped Days to 
q ha' moisture lodging lodging ears Stand mid-polle 
% 
828 POP27xBSll)C-l8 61.1 24.8 16.6 0.0 3.2 93.8 83.5 
832 POP27xBS 11 )C-22 49.4 23.6 18.8 0.0 0.0 100.0 83.0 
841 POP27xBSCBl)C-l 61.9 24.9 3.2 0.0 0.0 100.0 82.0 
843 POP27&BSCB 1 )C-3 49.7 21.9 6.7 0.0 3.6 93.8 82.5 
845 POP27xBSCB I )C-5 48.8 24.6 10.0 0.0 3.4 96.9 82.5 
847 POP27xBSCB I )C-7 50.2 23.2 12.5 0.0 0.0 100.0 81.5 
848 POP27xBSCB I )C-8 47.5 21.9 9.4 0.0 3.2 100.0 82.0 
853 POP27xBSCBl)C-l3 54.1 24.0 3.2 3.2 0.0 100.0 82.5 
859 POP27xBSCBl)C-l9 49.0 23.0 9.6 0.0 0.0 96.9 82.5 
861 POP27xBSCB 1 )C-21 47.1 23.9 12 J 0.0 0.0 96.9 80.0 
864 POP27xBSCB I )C-24 50.2 23.3 18.8 0.0 0.0 100.0 81.0 
885 POP27xBS26)C-l5 49.3 23.4 9.8 0.0 6.5 96.9 82.5 
890 POP27xBS26)C-20 53.5 22.8 3.4 0.0 6.7 96.9 81.5 
897 POP27xBS26)C-27 58.5 23.4 15.7 0.0 15.7 100.0 82.5 
904 POOLl7xBSl l)C-4 65.3 24.2 133 0.0 3.4 93.8 79.0 
907 POOL17xBSl l)C-7 64.4 23.3 6.7 0.0 0.0 90.6 80.0 
911 POOLl7xBSll)C-ll 59.8 21.9 12.6 0.0 3.2 100.0 80.0 
916 POOL17xBSl 1)C-16 60.1 21.7 6.3 3.4 3.2 96.9 81.5 
919 POOL17xBSl l)C-19 51.9 22.0 6.5 0.0 0.0 96.9 78.5 
924 POOL17xBSl l)C-24 58.4 22.0 18.8 0.0 3.2 100.0 80.5 
925 POOL17xBSL l)C-25 55.9 22.5 6.7 0.0 0.0 93.8 80.5 
927 POOLl7xBSl l)C-27 51.0 22.7 63 0.0 6.3 100.0 80.5 
931 POOLl7xBSCBl)C-l 51.9 24.0 9.4 0.0 0.0 100.0 78.0 
932 POOL17xBSCBl)C-2 54.7 21.2 12.6 3.2 6.3 100.0 78.0 
933 PCX)L17xBSCBl)C-3 52.9 22.4 3.2 0.0 0.0 96.9 77.0 
936 PCX)Ll7xBSCBl)C-6 50.4 19.6 12 J 0.0 0.0 100.0 78.5 
937 POOL17xBSCBl)C-7 52.1 23.8 6.3 0.0 0.0 100.0 79.0 
938 POOL 17xBSCB 1 )C-8 50.2 22.4 3.2 0.0 3.2 100.0 78.0 
939 POOL17xBSCBl)C-9 49.6 21.1 0.0 0.0 0.0 93.8 77.0 
941 POOL17xBSCBl)C-l I 48.4 24.4 0.0 0.0 3.2 96.9 80.5 
942 POOL17xBSCBl)C-12 50.3 24.4 18.8 0.0 0.0 100.0 82.0 
947 POOL17xBSCBl)C-17 48.3 22.0 6.3 0.0 3.2 100.0 79.5 
952 POOL17xBSCBl)C-22 53.8 23.3 3.2 0.0 0.0 93.8 81.0 
953 POOL17xBSCBl)C-23 51.9 22.9 9.4 0.0 3.2 100.0 81.0 
966 POOL 17xBS26)C-6 40.9 23.5 17.7 0.0 0.0 87.5 77.5 
974 POOL17xBS26)C-l4 39.9 24.3 9.4 0.0 0.0 100.0 77.5 
980 POOL17xBS26)C-20 40.1 22.6 16.1 0.0 0.0 93.8 76.5 
982 POOL 17 xBS26)C-22 47.5 25.6 132 0.0 0.0 96.9 79.0 
984 POOLl 7xBS26)C-24 43.0 24.8 15.7 0.0 0.0 100.0 81.5 
Table A3. Mean values for 11 agronomic trails and hcritability based index for 225 maize entries included in the testcross experiment conducted in one 
Nebraska and six Iowa locations in 1999 
Grain Stalk Root Dropped Plant Ear 
Yield moisture Stand lodging lodging ears Test Days to mid- ht., ht.. 
Index1 Pedigree Ent Type qha'1 % wl pollen silk cm cm 
POP23/BS1 l)-BSIM x LHI98 1 BCIFI 75.3 24.3 99.0 2.7 6.4 0.4 75.7 72.5 73.7 248.4 115.1 40.0 
POP23/BSI l)-BSI 1-7 x LHI98 2 BCIFI 79.6 22.4 99.1 4.9 4.6 0.2 75.8 72.0 72.7 259.1 109.7 45.2t 
POP23/BSI 1)-BSI 1-10 x LH198 3 BCIFI 74.1 22.3 99.0 2.6 9.9 0.0 76.8 71.8 73.8 256.8 125.0 38.8 
POP23/BSI l)-BSI l-l 1 x LHI98 4 BCIFI 77.0 25.0 99.6 3.1 15.0 0.2 77.0 72.0 73.2 263.7 131.1 36.2 
POP23/BS1I)-BS11-14 x LH198 5 BCIFI 77.0 23.2 98.0 5.7 4.8 0.2 76.7 71.8 72.8 248.4 115.8 41.8* 
P0P23/BSI1)-BS11-I5 x LHI98 6 BCIFI 78.5 24.7 98.9 5.5 10.6 0.4 76.8 71.3 73.2 260.6 124.2 38.8 
POP23/BSCB1 )-BSCB 1 -8 x LHI98 7 BCIFI 84.0 25.8 99.0 2.4 7.0 0.4 75.8 71.2 72.2 254.5 115.8 46.2f 
POP23/BSCB1 )-BSCB 1-19 x LHI98 8 BCIFI 87.6 25.0 99.6 2.3 7.1 0.1 77,3 70.7 71.2 262.9 119.6 49.9* 
POP23/BSCB1 )-BSCB 1 -20 x LH198 9 BCIFI 78.8 24.7 96.9 2.9 14.2 0.0 77,9 71.7 73.3 257.6 120.4 38.4 
POP23/BSCB1 )-BSCB 1-22 x LHI98 10 BCIFI 78.6 24.9 96.8 2.1 10.4 0.0 74.8 70.8 71.5 256.0 119.6 40.6 
POP23/BSCB1 )-BSCB 1 -26 x LHI98 II BCIFI 81.2 25.3 98.9 4.6 8.7 0.1 77.1 70.8 71.5 250.7 117.3 42.0 
POP23/BS26)-BS26-8 x LHI98 12 BCIFI 80.4 26.1 98.0 5.7 9.8 0.2 76.8 71.5 72.8 261.4 121.2 39.6 
P0P23/BS26)-BS26-I4 x LHI98 13 BCIFI 67.1 26.1 97.7 5.4 6.8 0.1 74.6 73.2 74.8 278.9 133.4 29.9 
POP23/BS26)-BS26-26 x LHI98 14 BCIFI 75.4 25.3 99.7 4.4 10.8 0.0 77.1 72.7 73.3 259.8 130.3 36.0 
POP25/BSI l)-BSI 1-3 x LHI98 15 BCIFI 80.5 25.8 99.1 1.8 7.8 0.2 76,2 72.3 73.8 255.3 121.9 43.0* 
POP25/BSI l)-BSI 1-15 x LHI98 16 BCIFI 72.9 24.4 99.2 3.9 7.6 0.0 76,3 72.5 72.5 259.8 119.6 36.7 
POP25/BS11)-BS11-23 x LH198 17 BCIFI 69.6 25.3 98.2 2.9 10.3 0.2 76.4 72.7 74.0 270.5 127.3 32.1 
POOLI7/BS11)-BSI 1-19 x LHI98 18 BCIFI 78.2 22.3 99.7 2.0 4.4 0.0 75.9 69.5 70.8 248.4 115.8 45.6* 
POP2S/BSCB1 )-BSCB 1 -1 x LHI98 19 BCIFI 83.0 24.4 99.6 2.4 8.3 0.1 76.8 71.8 73.0 258.3 120.4 45.8 
POP25/BSCB1 )-BSCB 1 -6 x LHI98 20 BCIFI 85.0 24.5 98.6 2.1 10.0 0.0 78.1 70.8 72.2 259.1 120.4 46.6 
POP25/BSCB1 )-BSCB 1 -9 x LHI98 21 BCIFI 82.6 23.6 99.2 3.5 7.5 0.0 77.0 71.2 71.5 256.8 109.7 45.9 
POP25/BSCBI )-BSCB 1-12 x LH198 22 BCIFI 78.7 26.2 99.6 2.3 7,8 0.0 76.5 72.0 72.7 262.1 120.4 40.9 
POP25/BSCBI)-BSCBI-14 x LHI98 23 BCIFI 81.1 23.9 98,6 2.9 2.7 0.0 76.7 70.0 71.3 253.7 109.7 47.3* 
POP25/BSCB1 )-BSCB 1-19 x LHI98 24 BCIFI 82.9 25.5 99.9 2.9 8.8 0.0 75.2 70.8 72.2 255.3 123.4 44.2 
POP25/BSCB1 )-BSCB 1 -23 x LHI98 25 BCIFI 77.8 26,9 98.1 1.8 10.8 0.1 76,9 71.5 73.5 264.4 118.9 38.2 
POP25/BSCB1 )-BSCB 1 -24 x LHI98 26 BCIFI 73.9 25.3 97.2 2.3 4.7 0.0 76.5 70.3 72.3 251.5 109.0 39.1 
POP25/BSCB1 )-BSCB 1 -27 x LHI98 27 BCIFI 79.2 25.0 98.6 2.2 8.4 0,0 76.7 71.5 72.7 261.4 127.3 42.0 
1 denotes selected entries 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
q ha'1 
POP25/BS26)-BS26-8 x LHI98 28 BCIFI 73.5 
POP25/BS26)-BS26-24 x LHI98 29 BCIFI 75.0 
POP32/BSI 1)-BSI 1-4 x LH198 30 BCIFI 82.5 
POP32/BSI I)-BS11-7 x LHI98 31 BCIFI 75.8 
POP32/BS1 l)-BSI 1-24 x LH198 32 BCIFI 68.7 
POP32/BSCB1 )-BSCB 1-4 x LHI98 33 BCIFI 76.1 
POP32/BSCB1 )-BSCB 1 -7 X LHI98 34 BCIFI 59.7 
P0P32/BSCB1)-BSCBI-I1 XLHI98 35 BCIFI 84.9 
POP32/BSCB1 )-BSCB 1-17 x LHI98 36 BCIFI 81.8 
POP32/BSCB1 )-BSCB 1 -20 x LHI98 37 BCIFI 76.4 
POP32/BSCB1 )-BSCB 1 -23 x LHI98 38 BCIFI 79.5 
POP27/BSI l)-BSI 1-2 x LHI98 39 BCIFI 76.4 
POP27/BS11)-BS11-6 x LHI98 40 BCIFI 70.2 
POP27/BS1 l)-BSI 1-10 x LHI98 41 BCIFI 71.4 
POP27/BSI l)-BSI 1-13 x LHI98 42 BCIFI 74.3 
POP27/BSI l)-BSI 1-15 x LHI98 43 BCIFI 72.4 
POP27/BSI l)-BSI 1-18 x LH198 44 BCIFI 70.8 
POP27/BS11)-BSI 1-22 x LHI98 45 BCIFI 73.8 
P0P27/BSCB1)-BSCB1-1 XLHI98 46 BCIFI 84.3 
POP27/BSCB1 )-BSCB 1 -3 x LHI98 47 BCIFI 81.3 
POP27/BSCB1 )-BSCB 1 -5 x LH198 48 BCIFI 81.0 
POP27/BSCB1 )-BSCB 1 -7 X LHI98 49 BCIFI 83.3 
POP27/BSCB1 )-BSCB 1 -8 x LHI98 50 BCIFI 84.7 
POP27/BSCB1 )-BSCB 1-13 x LHI98 51 BCIFI 85.6 
POP27/BSCB1 )-BSCB 1-19 x LHI98 52 BCIFI 83.6 
POP27/BSCBI)-BSCBI-2l XLH198 53 BCIFI 78.6 
POP27/BSCB1 )-BSCB 1 -24 x LHI98 54 BCIFI 72.3 
POP27/BS26)-BS26-15 x LHI98 55 BCIFI 82.1 
POP27/BS26)-BS26-20 x LHI98 56 BCIFI 78.5 
POP27ZBS26)-BS26-27 x LHI98 57 BCIFI 79.8 
Grain Stalk Root Dropped T p,ant Ear 
moisture Stand lodging lodging ear» ^ uayaronuu- ht., ht., 
26.0 99.2 3.5 8.2 0.1 75.7 72.5 73.2 241.6 116.6 35.7 
25.3 97.4 3.1 6.5 0.2 76.1 71.0 72.8 262.1 128.0 38.8 
23.2 98.9 2.7 6.8 0.1 74.9 72.0 74.0 255.3 125.0 47.0» 
24.0 98.9 3.2 7.8 0.1 75.5 71.5 73.5 259.1 124.2 39.8 
26.8 99.0 2.8 14.4 0.1 75.4 72.8 74.2 245.4 118.1 28.0 
25.8 99.7 2.3 12.0 0.0 76.2 71.8 73.3 260.6 119.6 36.7 
28.1 97.4 0.9 19.6 0.1 75.3 72.5 74.0 252.2 112.0 17.3 
25.8 98.1 2.5 7.2 0.1 76.6 70.8 71.7 262.1 119.6 46.7 
25.2 99.4 1.5 7.5 0.0 77.3 71.3 71.5 260.6 122.7 44.9 
25.6 98.9 2.4 3.6 0.1 76.3 71.3 72.2 243.8 121.2 41.6 
25.3 99.5 2.4 7.4 0.1 74.9 71.0 73.0 273.6 128.0 42.5 
23.7 98.1 3.5 4.3 0.0 75.8 72.8 73.7 272.8 132.6 42.2 
24.0 98.4 2.4 6.7 0.1 77.0 72.7 73.0 261.4 131.1 35.9 
26.2 98.9 1.7 6.0 0.2 76.1 72.5 73.5 262.9 125.7 35.8 
25.0 99.2 1.9 8.7 0.2 77.0 72.5 74.2 262.9 121.9 37.8 
23.8 98.6 2.9 8.6 0.0 76.3 71.3 72.7 255.3 127.3 36.6 
25.3 98.5 5.2 9.9 0.2 77.0 72.8 73.5 261.4 120.4 32.2 
24.2 97.5 3.4 8.7 0.1 76.2 72.3 73.7 272.8 129.5 37.3 
25.2 98.2 3.0 5.3 0.1 75.5 72.0 72.8 263.7 121.9 47.5* 
25.4 98.4 2.7 9.2 0.0 78.0 71.8 72.0 259.1 130.3 42.8 
26.1 99.3 2.2 9.8 0.1 77.0 72.7 73.5 273.6 134.1 41.9 
25.2 99.7 2.6 9.0 0.0 76.5 72.0 72.3 267.5 125.0 44.9 
25.9 99.4 2.7 12.5 0.2 75.1 71.8 73.2 251.5 122.7 43.5 
26.6 99.5 1.5 5.6 0.0 77.4 72.0 73.0 259.8 121.9 48.1* 
26.0 98.7 1.5 8.7 0.0 76.0 71.3 72.2 262.9 125.0 45.2 
24.6 99.1 2.2 8.9 0.1 77.6 71.0 71.5 256.0 115.8 41.5 
25.4 98.6 1.0 12.2 0.1 78.0 71.0 71.8 259.1 125.7 34.3 
25.3 99.3 6.6 7.1 0.0 75.8 72.8 72.8 262.1 121.9 42.7 
24.4 99.7 2.9 9.0 0.2 77.7 71.3 72.5 255.3 122.7 41.2 
24.8 99.6 5.8 4.6 0.0 75.4 71.5 72.8 257.6 122.7 42.8* 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
qha' • 
Grain 
moisture 
Stalk Root 
Stand lodging lodging 
Dropped 
can 
Test 
• wt 
Days to mid- Plant 
ht., 
Ear 
ht.. Index1 % pollen silk cm cm 
POOLI7/BSI l)-BSI 1-4 X LHI98 58 BCIFI 68.8 24.0 99.0 3.3 9.8 0.3 75.2 70.8 72.2 245.4 118.1 32.6 
POOLI7/BSI l)-BSI 1-7 x LHI98 59 BCIFI 69.4 24.1 99.6 3.8 6.3 0.0 76.7 70.5 72.2 260.6 125.7 34.6 
POOLI7/BSI 1)-BSI 1-11 x LHI98 60 BCIFI 70.7 23.3 98.3 3.0 4.2 0.0 75.8 72.0 73.0 255.3 120.4 37.9 
POOLI7ZBSI l)-BSI 1-16 x LHI98 61 BCIFI 67.8 23.0 99.0 4.2 14.9 0.2 77.5 71.2 72.3 248.4 118.9 29.3 
POOLI7/BSID-BSI1-24 x LHI98 62 BCIFI 69.8 23.2 97.0 3.6 5.5 0.0 76.8 72.0 72.0 243.8 119.6 36.3 
POOLI7/BSI l)-BSI 1-25 x LHI98 63 BCIFI 77.0 23.7 99.9 3.9 6.3 0.1 75.4 70.7 73.0 272.0 131.8 41.4 
POOLI7/BSI 1)-BSI 1-27 X LHI98 64 BCIFI 78.2 23.0 99.5 5.5 5.7 0.0 75.2 70.5 71.5 261.4 118.9 42.51 
POOLI7/BSCBI)-BSCBI-l x LHI98 65 BCIFI 81.1 23.6 99.9 1.3 7.1 0.0 77.2 69.5 71.8 258.3 118.9 46.I1 
POOL 17/BSCB1 )-BSCB 1 -2 x LHI98 66 BCIFI 75.9 23.5 98.6 4.0 5.6 0.0 76.5 69.7 70.7 262.1 118.9 41.0 
POOL 17/BSCB1 )-BSCB 1 -3 x LHI98 67 BCIFI 78.4 24.7 98.2 2.4 5.4 0.0 77.8 69.8 70.7 246.1 110.5 43.01 
POOL 17/BSCB 1 )-BSCB 1 -6 x LHI98 68 BCIFI 74.8 22.7 98.7 2.6 12.2 0.2 76.4 70.3 71.7 247.7 118.9 37.8 
POOL 17/BSCB 1 )-BSCB 1 -7 x LHI98 69 BCIFI 72.8 25.5 98.3 1.4 6.1 0.1 77.2 71.0 71.8 249.9 113.5 37.8 
POOL 17/BSCB l)-BSCB 1-8 x LHI98 70 BCIFI 75.9 24.1 99.6 3.6 10.0 0.5 76.5 70.7 73.2 255.3 116.6 38.4 
POOL 17/BSCB 1 )-BSCB 1 -9 x LHI98 71 BCIFI 75.3 23.4 99.2 2.3 9.9 0.0 76.4 69.8 70.7 246.1 120.4 39.1 
POOL 17/BSCB l)-BSCB I-I 1 x LHI98 72 BCIFI 75.3 25.2 98.7 2.7 8.0 0.1 76.4 70.5 71.5 259.8 125.7 38.5 
POOL 17/BSCB l)-BSCB 1-12 x LHI98 73 BCIFI 54.0 23.7 97.8 2.7 12.3 0.0 74.7 70.2 70.7 235.5 115.1 19.0 
POOL 17/BSCB l)-BSCB 1-17 x LH198 74 BCIFI 76.7 25.6 98.4 2.6 5.2 0.0 77.4 69.5 71.3 254.5 116.6 40.8 
POOL 17/BSCB 1 )-BSCB 1 -22 x LHI98 75 BCIFI 74.0 24.1 99.4 3.1 11.7 0.1 75.7 71.2 71.0 249.9 115.1 36.0 
POOL 17/BSCB 1 )-BSCB 1 -23 x LHI98 76 BCIFI 82.2 23.8 99.5 2.0 6.1 0.0 78.4 70.2 71.0 254.5 118.9 46.91 
POOL 17/BS26)-BS26-6 x LH198 77 BCIFI 76.5 23.3 98.2 3.7 4.8 0.4 76.5 69.3 70.3 250.7 116.6 42.2 
POOL I7/BS26)-BS26-14 x LHI98 78 BCIFI 75.5 23.8 99.6 3.8 15.1 0.0 76.7 70.0 71.2 256.8 118.1 35.4 
POOL 17/BS26)-BS26-20 x LH198 79 BCIFI 78.8 24.7 99.1 4.2 4.8 0.2 75.8 70.7 72.2 254.5 117.3 42.81 
POOL 17/BS26)-BS26-22 x LH198 80 BCIFI 79.3 25.0 98.0 1.9 10.6 0.1 76.5 70.3 71.2 256.8 120.4 41.1 
POOL 17/BS26)-BS26-24 x LH198 81 BCIFI 71.5 24.8 99.0 2.4 3.6 0.5 75.7 70.8 72.5 250.7 116.6 38,0 
POP2I/BS10) BSIO-4 x LHI85 82 BCIFI 68.3 26.6 99.1 4.6 9.4 0.2 74.5 71.8 73.3 257.6 112.8 29.5 
POP2l/BSIO)-BSIO-5 x LHI85 83 BCIFI 58.6 27.9 98.6 3.0 11.4 0.0 74.7 70.8 73.2 240.0 112.8 19.8 
POP21 /BS IO)-BS 10-7 x LHI85 84 BCIFI 68.1 24.9 97.3 5,4 6.7 0.0 73.8 71.5 72.3 246.9 110.5 31.8 
POP21/BSIO)-BSIO-I2 x LHI85 85 BCIFI 66.9 26.1 97.5 3.3 9.6 0.4 74.9 72.0 73.0 245.4 109.0 29.4 
POP21/BS I0)-BS 10-25 x LHI85 86 BCIFI 74.7 23.7 98.6 3.4 12.0 0.4 74.5 70.2 71.0 239.3 110.5 36.6 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
qha'1 
Grain Stalk 
moisture Stand lodging 
Root 
lodging 
Dropped 
ears 
Test 
wl 
Days to mid- Plant 
ht., 
Ear 
ht, Index1 % pollen silk cm cm 
POP2l/BSSS)-BSSS-3 x LHI85 87 BCIFI 76.5 23.9 97.5 2.5 5.8 0.5 72.9 70.8 71.5 243.8 104.4 41.8 
POP2 l/BSSS)-BSSS-7 x LHI85 88 BC1FI 67.3 24.9 96.9 1.9 7.3 0.0 73.3 70.0 71.5 251.5 106.7 32.6 
POP21/BSSS)-BSSS-8 x LHI85 89 BCIFI 76.1 24.4 99.7 3.1 7.2 0.1 73.4 70.5 70.8 244.6 102.9 40.1 
POP2 l/BSSS)-BSSS-l 6 x LH185 90 BCIFI 61.7 27.9 97.1 2.5 6.4 0.1 73.9 73.2 73.2 253.7 115.1 25.4 
POP21 /BS13)-BS13-2 x LHI85 91 BCIFI 65.1 26.9 99.6 4.6 7.8 0.1 73.7 71.8 73.5 243.1 116.6 27.3 
POP2I/BSI3)-DS13-IO x LHI85 92 BCIFI 72.8 24.7 97.7 4.1 4.2 0.1 73.8 70.2 71.0 230.9 105.2 38.1 
P0P21/BSI3)-BSI3-I5 x LHI85 93 BCIFI 64.0 25.2 99.9 2.9 5.5 0.5 74.6 71.2 72.2 237.0 112.0 30.0 
POP2 l/BS 13)-BS 13-22 x LHI85 94 BCIFI 61.2 27.4 98.9 2.1 7.1 0.0 73.8 72.0 72.7 249.9 114.3 25.3 
POP2 l/BS 13)-BS 13-23 x LHI85 95 BCIFI 66.4 27.1 97.8 1.7 11.3 0.1 75.6 71.7 73.7 249.2 106.7 28.0 
POP2 l/BS 13)-BS 13-25 x LHI85 96 BCIFI 60.7 27.6 98.5 1.5 10.4 0.1 73.5 73.3 73.7 242.3 117.3 23.2 
POP49/BSIO)-BSIO-1 x LHI85 97 BCIFI 64.3 28.0 99.4 3.2 12.5 0.8 73.7 74.8 74.8 256.8 118.9 24.0 
POP49/BS10)-BS 10-13 x LHI85 98 BCIFI 66.6 24.6 99.0 6.1 7.0 0.0 73.7 72.5 73.0 243.1 121.2 30.2 
POP49/BS I0)-BSI0-15 x LHI85 99 BCIFI 68.1 25.6 99.6 5.0 9.2 0.4 73.6 73.0 72.5 246.9 122.7 30.1 
POP49/BSI0)-BS10-22 x LHI85 100 BCIFI 56.8 28.6 97.7 4.3 13.0 0.1 73.4 74.3 74.8 238.5 114.3 16.2 
POP49/BSIO)-BSIO-24 X LH185 101 BCIFI 68.0 25.2 99.4 3.7 8.5 0.2 74.2 70.7 72.2 251.5 112.0 31.3 
POP49/BSSS)-BSSS-7 x LH185 102 BCIFI 79.9 22.9 97.3 2.0 5.5 0.6 74.6 69.8 70.2 230.9 93.7 46,0* 
POP49/BSSS)-BSSS-IOx LHI85 103 BCIFI 70.0 25.2 95.0 2.9 5.6 0.0 74.7 72.7 73.0 250.7 116.6 35,1 
P0P49ZBSSS)-BSSS-I2 x LHI85 104 BCIFI 62.6 25.6 93.7 4.3 6.8 0.2 73.6 71.8 72.8 247.7 105.9 26.9 
POP49/BSSS)-BSSS-14 x LHI85 105 BCIFI 70.5 25.6 98.9 2.2 3.8 0.3 73.9 70.8 71.8 246.1 118.1 36.5 
POP49/BSSS)-BSSS-15 x LHI85 106 BCIFI 67.2 27.4 97.7 3.2 5.4 0.0 72.4 72.3 73.2 245.4 114.3 30.8 
POP49/BSSS)-BSSS-16 x LH185 107 BCIFI 73.5 25.9 97.0 3.2 5.6 0.0 74.7 71.3 72.3 249.9 120.4 37.3 
P0P49/BSSS)-BSSS-I7 x LHI85 108 BCIFI 74.9 23.3 96.6 1.9 7.2 0.4 74.7 69.7 70.0 235.5 100.6 40.5 
POP49/BSSS)-BSSS-20 x LHI85 109 BCIFI 79.8 24.9 98.7 3.6 6.4 0.2 74.6 69.7 70.5 238.5 100.6 42.9* 
POP49/BS13)-BS 13-2 x LHI85 110 BCIFI 75.6 25.8 98.3 2.8 4.6 0.0 73.7 70.8 72.2 232.4 105.2 40.0* 
POP49/BS13)-BS 13-3 x LHI85 I I I  BCIFI 76.6 24.4 98.5 1.8 8.7 0.1 73.9 70.5 71.3 228.6 98.3 40.4 
POP49/BS13)-BS 13-4 x LHI85 112 BCIFI 74.8 24.6 98.7 2.7 3.6 0.2 74.1 70.7 71.3 240.8 107.4 40.8* 
POP49/BS13)-BSI3-9x LHI85 113 BCIFI 71.3 24.7 98.9 1.5 8.6 0.0 74.5 70.5 71.5 240.8 103.6 35.7 
POP49/BSI3)-BSI3-IO x LHI85 114 BCIFI 68.2 27.9 98.9 2.5 7.5 0.1 74.0 71.2 73.3 224.8 96.0 30.6 
P0P49ZBSI3)-BSI3-I4 x LHI85 115 BCIFI 80.8 25.2 99.2 2.4 16.2 0.0 74.7 74.3 72.0 227.1 105.9 39.0 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
qha'1 • 
Grain Stalk Root 
moisture Stand lodging lodging 
Dropped 
ears 
Test 
wt 
Days to mid- Plant 
ht., 
Ear 
ht., Index* % pollen silk cm cm 
POP49/BSI3)-BS13-l9 x LHI85 116 BCIFI 68.3 27.1 99.4 2.6 7.5 0.0 75.4 70.2 71.5 235.5 98.3 31.2 
POP49/BSI3)-BS 13-21 xLHI85 117 BCIFI 63.0 28.8 98.6 2.6 6.4 0.0 75.2 71.2 74.3 239.3 118.9 25.9 
POP49ZBSI3)-BSI3-22 x LHI85 118 BCIFI 65.7 23.4 97.8 1.5 5.3 0.1 74.3 71.0 71.7 233.9 94.5 33.7 
POP49ZBS I3)-BS 13-24 x LH185 119 BCIFI 68.3 25.5 98.6 1.9 9.8 0.0 74.3 71.0 71.8 237.0 102.9 31.7 
POP49/BS13)-BS 13-27 X LHI85 120 BCIFI 74.3 25.4 99.5 3.9 7.8 0.0 74.2 74.5 70.5 234.7 109.7 37.0 
POP43/BSSS)-BSSS-1 x LHI85 121 BCIFI 70.9 27.1 97.9 2.3 6.1 0.1 73.2 71.3 71.5 241.6 112.0 34.4 
POP43/BSSS)-BSSS-3 x LHI85 122 BCIFI 60.2 29.5 97.2 2.1 6.7 0.4 73.2 72.7 74.5 260.6 119.6 22.9 
POP43/BSSS)-BSSS-7 x LHI85 123 BCIFI 70.3 26.7 98.7 2.8 5.6 0.1 73.3 71.0 71.2 253.0 113.5 34.1 
PC)P43/BSSS)-BSSS-20 x LHI85 124 BCIFI 62.8 27.8 95.9 3.5 10.0 0.4 72.9 72.8 73.8 267.5 128,0 24.0 
POP43/BSSS)-BSSS-23 x LH185 125 BCIFI 69.5 24.7 96.7 3,1 3.3 0.4 73.0 71.7 73.0 245.4 115.1 36.2 
POP43ZBSSS)-BSSS-24 x LHI85 126 BCIFI 70.6 26.4 97.7 3.5 5.5 0.2 74.4 70.5 71.7 253.0 112.8 34.3 
POP43/BS13)-BS 13-10 x LHI85 127 BCIFI 67.8 26.7 99.4 1.6 9.6 0.1 75.0 71.2 72.7 245.4 110.5 30.5 
POP43/BS13)-BSI3-l 1 x LHI85 128 BCIFI 55.3 28.4 98.6 3.3 9.8 0.5 75.9 73.3 74.2 243.8 112.0 17.3 
P0P43/BSI3)-BS13-I2 x LH185 129 BCIFI 70.2 26.2 98.8 2.2 3.1 0.4 75.0 72.0 72.3 235.5 113.5 36.2* 
POP43/BS13)-BS 13-19 x LHI85 130 BCIFI 64.1 27.8 98.3 3.0 3.6 0.5 76.5 72.8 73.5 232.4 103.6 28.9 
POP43/BS I3)-BS 13-20 x LHI85 131 BCIFI 74.1 25.6 98.0 2.1 7.7 0.0 73.7 70.8 71.7 237.0 109.0 37.6 
POP24/BS I0)-BS 10-5 x LHI85 132 BCIFI 69.8 27.7 98.9 4.4 8.3 0.0 74.1 72.7 73.8 246.1 118.1 30.7 
POP24/BSSS)-BSSS-2 x LHI85 133 BCIFI 79.7 23.5 99.0 2.4 4.4 0.1 74.0 69.8 70.3 243.8 105.2 45.7* 
POP24/BSSS)-BSSS-7 x LHI85 134 BCIFI 79.3 23.5 99.6 4.0 5.9 0.9 74.8 70.3 71.2 254.5 102.9 43.8 
POP24/BSSS)-BSSS-8 x LHI85 135 BCIFI 82.5 24.3 99.5 2.7 2.2 0.3 73.1 70.0 71.2 240.8 99.1 48.5* 
POP24/BSSS)-BSSS-14 x LHI85 136 BCIFI 82.3 23.9 99.2 3.6 8.7 0.0 74.4 70.7 71.5 244.6 105.9 44.8 
POP24/BSSS)-BSSS-l 5 x LHI85 137 BCIFI 77.7 25.8 97.1 4.2 7.5 0.1 72.2 71.2 72.0 249.9 104.4 39.5 
POP24/BSSS)-BSSS-19 x LH185 138 BCIFI 79.4 24.2 99.2 2.3 5.0 0.6 73.9 70.2 70.7 241.6 110.5 44.7* 
POP24/BSSS)-BSSS-20 x LHI85 139 BCIFI 80.3 24.9 99.7 1.0 6.1 0.0 73.0 70.2 70.7 251.5 109.7 44.9* 
POP24/BS13)-BS 13-2 x LHI85 140 BCIFI 74.0 23.6 98.5 2.6 8.7 0.2 74.7 70.8 72.2 230.1 103.6 38.4 
P0P24/BS13)-BSI3-I4 x LHI85 141 BCIFI 70.9 27.1 98.5 1.8 13.3 0.1 76.6 71.2 72.7 247.7 109.0 30.7 
P0P24/BSI3)-BSI3-I5 x LHI85 142 BCIFI 67.7 26.5 97.9 2.4 10.1 0.2 75.5 70.7 71.7 231.6 98.3 29.9 
POP24/BS I3)-BS 13-22 x LHI85 143 BCIFI 62.7 26.5 98.7 2.4 11.2 0.1 75.5 70.5 72.2 233.9 108.2 24.9 
POP24/BS13)-BS 13-23 x LH185 144 BCIFI 66.0 25.8 95.4 1.9 13.0 0.0 74.4 71.5 72.2 238.5 115.8 27.6 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
qha'1 
POP28/BSIO)-BSIO-4 x LHI85 145 BCIFI 66.9 
POP28/BS I0)-BS 10-24 x LH185 146 BCIFI 72.3 
POP28/BSSS)-BSSS-2 X LH185 147 BCIFI 80.6 
POP28/BSSS)-BSSS-6 x LHI85 148 BCIFI 74.4 
POP28/BSSS)-BSSS-7 x LHI85 149 BCIFI 75.3 
P0P28/BSSS)-BSSS-I4 X LH185 ISO BCIFI 73.3 
P0P28/BSSS)-BSSS-I7 X LH185 151 BCIFI 70.7 
POP28/BSSS)-BSSS-20x LHI8S 152 BCIFI 77.4 
POP28/BSSS)-BSSS-2l x LH185 153 BCIFI 73.8 
POP28/BS13)-BS 13-9 x LHI85 154 BCIFI 75.6 
POP28/BS13)-BS 13-12 x LH185 155 BCIFI 62.0 
POP28/BS I3)-BS 13-1S X LH185 156 BCIFI 68.0 
POOLI8/BS10)-BSI0-6 x LH185 157 BCIFI 71.3 
POOLI8/BSI0)-BS10-7 x LHI85 158 BCIFI 76.8 
POOLI8/BSI0)-BS10-l5 x LHI85 159 BCIFI 77.5 
POOL I8/BSI0)-BS 10-21 xLHI85 160 BCIFI 78.4 
POOL18/BS10)-BS10-22 x LHI85 161 BCIFI 68.6 
POOL 18/BS10)-BS 10-23 x LHI85 162 BCIFI 76.0 
POOLI8ZBSIO)-BSIO-26 x LHI85 163 BCIFI 78.1 
POOLI 8/BSSS)-BSSS-6 x LHI85 164 BCIFI 80.1 
POOL18/BSSS)-BSSS-7 x LHI85 165 BCIFI 79.0 
POOLI 8/BSSS)-BSSS-8 x LHI85 166 BCIFI 77.1 
POOLI 8/BSSS)-BSSS-15 x LHI85 167 BCIFI 72.0 
POOL 18/BSSS)-BSSS-16 x LHI85 168 BCIFI 78.9 
POOLI 8/BSSS)-BSSS-18 x LH185 169 BCIFI 71.0 
POOLI 8/BSSS)-BSSS-20 x LHI85 170 BCIFI 76.4 
POOLI 8/BSSS)-BSSS-23 x LHI85 171 BCIFI 80.1 
POOLI8/BSI3)-BSI3-2 x LHI85 172 BCIFI 74.6 
Grain Stalk Root Dropped _ n ,H Plant Ear 
moisture Stand lodging lodging ear, ^ ^ ht., ht„ 
% pollen silk cm cm 
28.7 99.0 4.2 13.3 0.2 75.7 72.0 73.5 248.4 128.0 24.7 
25.1 97.9 3.1 5.9 0.1 75.0 70.7 72.0 240.8 102.1 36.9 
24.6 98.9 0.8 6.8 0.0 73.6 71.3 71.8 250.7 112.0 45.1* 
23.8 98.7 3.5 6.7 0.5 73.7 69.8 70.5 249.2 121.2 39.2 
23.3 98.3 2.4 3.5 0.4 71.8 70.2 70.8 240.8 107.4 42.6* 
23.7 99.4 4.2 5.8 0.2 72.2 72.0 73.0 258.3 106.7 38.3 
25.8 96.9 5.0 8.5 0.0 73.0 71.5 72.7 249.9 112.8 32.5 
26.4 96.1 3.2 2.8 0.0 75.8 70.3 71.8 250.7 110.5 41.8* 
24.0 99.3 5.4 3.5 0.6 73.0 71.3 71.5 253.0 111.3 39.2 
25.0 99.6 1.6 7.2 0.0 76.4 70.5 70.7 237.0 106.7 40.0 
26.0 99,9 1.6 8.3 0.0 73.8 72.5 74.0 243.1 109.7 26.8 
25.8 97.9 2.6 6.1 0.1 74.7 69.8 71.7 230.9 107.4 32.8 
25.9 99.0 3.2 10.1 0.0 74.2 70.7 71.8 253.0 120.4 33.0 
23.5 99.4 1.5 12.8 0.2 75.3 70.0 71.2 240.8 105.9 39.2 
23.0 99.1 3.1 5.7 0.1 74.5 69.3 70.5 234.7 106.7 43.3* 
23.1 98,5 2.1 6.5 0.1 73.4 69.0 69.8 230.9 97.5 44.0* 
24.4 98.4 3.6 6.1 0.1 73.1 69.2 70.0 231.6 105.2 33.9 
23.9 96.7 2.8 13,5 0.1 74.3 69.3 69.5 236.2 108.2 37.1 
23.5 98.3 2.6 7.2 0.0 75.0 70.3 71.5 237.0 105.9 42.8 
22.4 99.0 2.1 8.5 0.6 72.5 69.5 69.8 245.4 101.3 44.9 
24.5 99.0 1.6 2.4 0.0 73.9 69.2 70,0 241.6 95.3 45.8* 
24.0 99,4 2.2 3.7 0.4 73.1 70.3 71.5 247.7 105.9 43.6* 
25.4 98.9 1.3 10.0 0.2 74.9 69.3 70.2 247.7 99.1 35.1 
24.2 99.2 2.7 7.0 0.6 72.8 70.2 70.0 239.3 106.7 42.9 
23.1 99.0 3.0 5.4 0.3 71.7 68.8 69.7 241.6 104.4 37.7 
22.6 99.7 3.7 5.1 0.4 73.9 68.8 69.8 249.9 106.7 42.6 
23.8 99.2 2.3 2.6 0.2 73.7 69.8 70.8 249.2 105.9 46,9* 
25.2 97.1 1.0 9.8 0.1 73.2 65.7 70.7 229.4 97.5 37.7 
Table A3, (continued) 
Pedigree Ent Type 
Yield 
qha'1 
Grain Stalk 
moisture Stand lodging 
% 
Root 
lodging "Sfï Days to mid-
pollen silk 
Plant 
ht, 
cm 
Ear 
ht, 
cm 
Index* 
POOL 18/BS13)-BS 13-3 x LH185 173 BCIFI 77.4 23.9 98.0 1.9 5.7 0.4 74.7 68.3 69.3 224.8 101.3 43.0* 
POOL 18/BS13)-BSI 3-7 x LHI85 174 BCIFI 76.8 23,0 98.0 1.2 10.6 0.0 74.6 70.3 70.8 241.6 105.9 40.9 
POOLI8ZBSI3)-BSI3-ll XLHI85 175 BCIFI 76.3 23,5 99.7 2.3 8.5 0.1 73.8 68.3 69.2 227.1 100.6 40.7 
P00LI8/BSI3)-BSI3-I2 X LHI85 176 BCIFI 81.8 24,3 98.8 2.8 8.5 0.1 75.5 70.0 71.5 235.5 106.7 44.5 
P00LI8/BSI3)-BSI3-I3 x LHI85 177 BCIFI 77.3 24.2 99.5 1.6 6.9 0.1 75.6 69.2 70.0 239.3 102.9 42.2 
P00LI8/BSI3)-BSI3-I4 X LHI8S 178 BCIFI 71.9 23.1 98.5 1.5 8.5 0.0 73.9 68.8 70.2 238.5 99.1 37.6 
POOL 18/BS 13)-BSI 3-18 x LHI85 179 BCIFI 77.6 23.2 98.5 3.2 5.6 0.3 76.1 69.5 70.0 232.4 102.1 43.0* 
POOLI8/BSI3)-BSI3-l9x LHI85 180 BCIFI 77.9 24.9 100.0 1.0 5.3 0.0 74.9 69.7 70.5 227.8 95.3 43.2* 
POOL 18/BS 13)-BS 13-24 x LHI85 181 BCIFI 74.8 24.2 97.3 1.5 4.6 0.0 74.4 71.5 70.8 230.9 106.7 41.3 
POP23/BSII)-BSII xLHI98 182 bulle 69.7 26.1 99.6 2.3 12.2 0.0 76.8 72.8 73.3 267.5 132.6 30.9 
POP23/BSCB1 )-BSCB 1 x LHI98 183 bulk 70.3 25.9 94.5 3.2 11.4 0.0 76.4 72.0 73.2 257.6 121.9 31.5 
POP23/BS26)-BS26 x LHI98 184 bulk 76.7 26.6 98.3 4.1 10.7 0.2 76.8 72.3 73.5 265.9 128.0 36.3 
POP25/BSI l)-BSI 1 x LH198 185 bulk 76.5 27.1 97.4 2.2 10.2 0.0 77.4 72.7 74.5 278.9 131.8 36.9 
POP25/BSCB1 )-BSCB 1 x LHI98 186 bulk 80.6 25.6 99.2 3.1 7.8 0.0 76.1 72.0 72.3 252.2 115.8 42.7 
POP25/BS26)-BS26 x LHI98 187 bulk 73.0 27.0 99,0 3.6 5.7 0.2 75.9 72.0 73.2 260.6 129.5 35.8 
POP32/BSII)-BSIIxLH198 188 bulk 72.3 24.8 98.8 3.4 6.7 0.2 77.5 71.8 72.8 256.8 124.2 36.6 
POP32/BSCB1 )-BSCB 1 x LHI98 189 bulk 69.2 24.9 98.0 2.1 9.8 0.1 76.5 72,7 73.0 256.8 109.0 32.8 
POP32/BS26)-BS26 x LHI98 190 bulk 76.2 26.0 99.9 4.1 8.5 0.4 76.9 72.5 73.5 259.1 121.2 37.6 
POP27/BSI l)-BSI 1 x LHI98 191 bulk 74.9 24.8 99.4 5.0 5.2 0.2 76.3 72.8 73.7 267.5 131.8 38.7 
POP27/BSCBI )-BSCB 1 x LHI98 192 bulk 79.6 26.5 99.3 0.6 5.4 0.4 76.5 71.3 72.5 259.1 125.0 43.6 
POP27/BS26)-BS26 x LHI98 193 bulk 76.1 26.5 95,8 3.7 5.5 0.1 76.3 72.8 74.0 266.7 127,3 38.9 
POOLI7/BSII)-BSII x LHI98 194 bulk 73.2 23.5 96.9 4.3 8.7 0.0 76.3 70.3 71.0 248.4 112.0 36.8 
POOLI7/BSCBI)-BSCBI XLHI98 195 bulk 81.1 23.8 96,3 3.2 9.4 0.0 76.1 70.5 71.3 255.3 112.0 43.6 
POOL 17/BS26)-BS26 x LHI98 196 bulk 73.9 24.5 97.9 3.7 8.1 0.1 76.7 70.3 71.8 253.7 118.1 37.2 
BSII xLHI98 197 recurrent 73.4 21.6 99.7 4.1 4.6 0.1 75.5 70.7 71.8 251.5 118.1 40.8 
BSCB1 x LHI98 198 recurrent 82.4 23.0 97.6 2.8 7.4 0.0 76.3 70.2 70.8 246.9 115.8 46.7 
BS26 x LHI98 199 recurrent 80.5 22.9 98.8 4.0 5.6 0.1 74.9 71.0 71.7 262.9 121.2 45.4 
POP2I/BSIO)-BSIO x LHI85 200 bulk 66.1 27.5 96.8 2.9 14.9 0.4 73.9 72.8 73.7 247.7 109.0 24.9 
POP2 l/BSSS)-BSSS x LHI85 201 bulk 62.7 26.9 96.9 3.3 6.3 0.2 74.6 71.7 72.3 246.9 109.7 26.9 
Tabic A3, (continued) 
Pedigree Ent Type 
Yield 
qha'1 
Grain 
moisture Stand 
Stalk 
lodging 
% 
Root 
lodging 
Dropped 
ears 
Test 
wt. 
Days to mid-
pollen silk 
Plant 
ht., 
cm 
Ear 
ht., 
cm 
Index* 
POP2l/BSI3)-BSI3xLHI85 202 bulk 76.0 26.6 98.7 3.0 7.7 0.0 74.3 71.3 72.0 245.4 105.9 37.9 
POP49/BS I0)-BS 10 x LHI85 203 bulk 64.3 26.2 98.6 2.8 13.4 0.0 72.5 72.2 73.0 237.0 112.8 25.2 
POP49/BSSS)-BSSS x LHI8S 204 bulk 65.5 27.1 96.1 2.6 6.9 0.6 74.2 72.0 72.8 257.6 110.5 29.1 
POP49/BS13)-BS 13 x LHI85 205 bulk 69.2 24.9 98.9 3.7 9.8 0.2 73.7 70.8 71.5 237.0 107.4 32.0 
POP43/BSIO)-BSIO x LHI85 206 bulk 67.0 26.8 98.6 3.9 9.9 0.4 73.6 72.3 73.2 259.1 118.1 28.4 
POP43/BSSS)-BSSS x LHI85 207 bulk 69.4 25.6 98.2 3.6 7.0 0.7 73.4 72.0 73.2 256.0 114.3 33.1 
POP43/BSI3)-BSI3 x LHI85 208 bulk 72.2 26.6 98.9 2.8 9.2 0.1 74.3 70.8 71.7 250,7 115.1 34.0 
PC)P24/BS10)-BS10 x LHI8S 209 bulk 71.1 26.5 98.3 3.0 7.7 0.2 73.4 71.3 72.0 241.6 105.2 33.8 
POP24/BSSS)-BSSS x LHI85 210 bulk 74.5 25.5 97.9 3.9 7.4 0,1 72.7 70.5 71.5 242,3 105.9 37.2 
POP24/BSI3)-BSI3 x LHI8S 211 bulk 63.5 28.4 98.2 2.4 6.0 0.1 74.6 70.5 72.2 240,8 109.0 27.0 
POP28/BSIO)-BSIO x LHI85 212 bulk 61.3 28.1 98.1 5.6 11.0 0.6 73.7 71.5 72.8 241.6 112.8 20.9 
POP28/BSSS)-BSSS x LHI85 213 bulk 68.6 25.5 99.4 4.1 4.0 0.0 71.5 71.5 72.7 249.2 105.2 33.9 
POP28/BSI3)-BSI3 x LHI85 214 bulk 73.4 25.0 96.7 2.9 10.9 0.6 74.5 71.3 72.0 237.7 107.4 35.3 
POOLI8/BSIO)-BSIO x LHI85 215 bulk 72.0 22.7 98.8 2.6 9.9 0.0 74.2 70.5 70.7 237.7 105.9 36.7 
POOLI 8/BSSS)-BSSS x LHI85 216 bulk 76.5 23.7 99.6 3.7 4.2 0.1 73.4 69.8 70.3 244.6 109.7 42.2 
POOL 18/BSI3)-BS 13 x LHI85 217 bulk 71.2 24.4 97.4 1.8 5.7 0.1 73.1 69.5 70.7 239.3 108.2 37.2 
BSIOx LHI85 218 recurrent 76.1 22.3 99.4 3.2 4.2 0.3 73.6 69.5 71.0 222.5 100.6 43.3 
BSSSxLHI85 219 recurrent 77.2 21.7 99.4 2.6 2.8 0.2 71.8 69.0 69.7 239.3 99.1 45.8 
BSI3 x LHI8S 220 recurrent 79.0 22.6 97.9 1.8 5.0 0.2 72.9 69.2 70.5 233.9 101.3 45.9 
B97 x LHI98 221 hybrid 90.8 22.5 99.6 1.8 8.7 0.2 76.0 70.7 71.5 259.1 117.3 54.2 
BI04x LHI85 222 hybrid 82.6 24.3 98.0 0.6 5.5 0.0 75.2 69.8 70.7 229.4 91.4 47.9 
CAROILL 8011 223 hybrid 81.1 24.3 99.1 1.5 8.2 0.0 74.9 71.0 72.7 254.5 105.2 44.7 
CARG1LL 7770 224 hybrid 92.2 23.5 99.5 1.4 1.5 0.0 76.2 71.2 72.2 252.2 109.7 58.6 
LHI98 X LHI85 225 hybrid 89.7 20.6 97.6 2.0 3.1 0.0 74.0 69.7 70.0 244.6 107.4 57.6 
Means 74.1 25.0 98.5 2.9 7.8 0.2 75.1 71.1 72.1 249,2 113.9 37.6 
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